Systems Analysis: An Outline for the State-of-the-Art Survey Publications by Quade, E.S. et al.
Systems Analysis: An Outline for 
the State-of-the-Art Survey 
Publications
Quade, E.S., Brown, K., Levien, R.E., 




Quade, E.S., Brown, K., Levien, R.E., Majone, G. and Rakhmankulov, V. (1976) Systems Analysis: An Outline for 
the State-of-the-Art Survey Publications. IIASA Research Report. Copyright © July 1976 by the author(s). 
http://pure.iiasa.ac.at/529/ All rights reserved. Permission to make digital or hard copies of all or part of this 
work for personal or classroom use is granted without fee provided that copies are not made or distributed for 
profit or commercial advantage. All copies must bear this notice and the full citation on the first page. For other 
purposes, to republish, to post on servers or to redistribute to lists, permission must be sought by contacting 
repository@iiasa.ac.at 
SYSTEMS ANALYSIS: 
AN OUTLINE FOR THE 
STATE-OF-THE-ART 
SURVEY PUBLICATIONS 
E. QUADE, K. BROWN, R. LEVIEN, G. MAJONE, 
V. RAKHMANKULOV 
JULY 1976 
Research Reports provide the formal record of research conducted by the 
lnternational Institute for Applied Systems Analysis. They are carefully 
reviewed before publication and represent, in the Institute's best judgment, 
competent scientific work. Views or opinions expressed herein, however, 
d o  not necessarily reflect those of the National Member Organizations support- 
ing the Institute or of the Institute itself. 
lnternational Institute for Applied Systems Analysis 
2 3 6 7  Laxenburg, Austria 

PREFACE 
One goal of the International Institute for Applied Systems Analysis is t o  improve the 
quality of analytical assistance available to decisionmakers throughout the world. An approach 
to this goal is t o  publish a Series of volumes, and later a Handbook, to survey the international 
state-of-the-art  of applied systems analysis. These publications will be directed primarily 
to  practitioners of systems allalysis. but occasionally volumes will be addressed to  specialists, 
managers, or students. 
This report. prepared by the Survey Project staff. lists the topics that span the field of 




IIASA plans t o  organize, commission, and publish a Series of volumes and a Handbook 
t o  survey the international state-of-the-art of applied systems analysis. This report provides 
the Survey Project's explication of the concept of applied systems analysis; it describes in 
detail the proposed Series and Handbook, including purpose, audience, international character, 
level of presentation, authors, reviewers, and remuneration policies. An outline spanning the 
field of interest of applied systems analysis is designed t o  help prospective authors with the 
choice of topics. Guidelines are provided for the acceptability of volumes for the Series, and 
suggestions for prospective authors on the preparation of prospectuses (outlines) for Series 
monographs are included. These prospectuses are submitted t o  the Editorial Board and special 
liaison committees established in each of IIASA's National Member Organizations. A summary 
checklist of procedures for development of Series volumes is provided in the Appendix. 
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INTRODUCTION 
SYSTEMS ANALYSIS: THE GENERAL CONCEPT 
Systems a n a l y s i s  i s  made up of a  broad c o l l e c t i o n  of concepts, proce- 
dures ,  and techniques designed t o  provide guidance f o r  f u t u r e  a c t i o n .  The 
word "analysis"  i s  being used here  i n  i t s  most general  sense t o  encompass 
the  use of i n t u i t i o n ,  judgment, design,  and s y n t h e s i s  a s  well  a s  decomposi- 
t i o n  t o  examine poss ib le  a c t i o n s  and t h e i r  consequences. The aim i s  t o  
a s s i s t  persons i n  making publ ic  and p r i v a t e  choices involved i n  the crea-  
t i o n  and m a i n t e n a ~ c e  of the world 's  goods, t h e  d i s t r i b u t i o n  of i t s  resources,  
t h e  sanc t ion ing  or p r o h i b i t i o n  of var ious modes of i n d i v i d u a l  and organiza- 
t i o n a l  behavior, and t h e  r e l a t i o n s h i p s  among s o c i e t i e s .  To provide t h i s  as- 
s i s t a n c e ,  appl ied systems a n a l y s i s  a t  IIASA u t i l i z e s  research  of var ious  
kinds: research  t o  i l lumina te  or  t o  provide i n s i g h t s  i n t o  t h e  problems and 
i s s u e s  t h a t  a r i s e ,  research  on methods t o  i n v e s t i g a t e  those problems and is- 
sues (with emphasis on systems and systems theory) ,  and, important ly,  research  
t o  examine p a r t i c u l a r  ways of helping a  decisionmaker, o r  anyone who must make 
a  choice,  d e a l  with s p e c i f i c  subs tan t ive  problems t h a t  might range from t h e  
purely persona l  t o  broadly p u b l i c  ones, such a s  those assoc ia ted  wi th  urban 
t r a n s p o r t a t i o n ,  reg iona l  environmental planning,  t h e  d e l i v e r y  of h e a l t h  se r -  
v ices ,  or  other  unresolved p u b l i c  i s s u e s .  
At IIASA, appl ied  systems a n a l y s i s  r e f e r s  t o  a  f a r  more ex tens ive  range 
of a c t i v i t i e s  than i s  common elsewhere. Other l a b e l s  -- pol icy  a n a l y s i s ,  
o p e r a t i o n a l  o r  opera t ions  research ,  systems engineering and more -- a r e  used 
i n  v a r i o u s  p a r t s  of the  world t o  des igna te  a  p a r t ,  o r  on occasion a l l ,  of 
t h i s  conglomerate. Applied systems a n a l y s i s  i s  charac te r ized  by a  wide va- 
r i e t y  of d i f f e r e n t  approaches, by t h e  absence of d i s t i n c t  demarcation l i n e s  
between i t s  procedures and those of var ious  e s t a b l i s h e d  d i s c i p l i n e s  such as  
cyberne t ics  or  general  systems theory,  and by use of concepts and methodolog- 
i c a l  t o o l s  from the  s o c i a l  sc iences  and economics a s  well  a s  from t h e  engineer- 
ing,  mathematical,  and phys ica l  sc iences .  Also, s i n c e  t h i s  goal  of systems 
a n a l y s i s  i s  t o  he lp  with d e c i s i o n s  i n  the  r e a l  world of p r a c t i c a l  a f f a i r s ,  
t h e  a n a l y s i s  must have g r e a t  v a r i e t y  i n  a p p l i c a t i o n ,  concept, technique, and 
procedure . 
SURVEY PROJECT PUBLICATIONS 
One important func t ion  of IIASA is  t o  f a c i l i t a t e  widespread i n t e r n a t i o n a l  
exchange of experience with systems ana lys i s  and i t s  appl ica t ion .  To help 
fulf i .11 t h i s  mission, IIASA has es tab l i shed  a  Survey Pro jec t  t o  organize and 
commission timely publ ica t ions  whose e f f e c t  w i l l  be t o  advance the  cur ren t  
s ta te-of- the-ar t  of systems a n a l y s i s  and disseminate  t h a t  information more 
widely throughout t h e  world. To t h i s  end, t h e  Survey P r o j e c t ' s  e d i t o r i a l  
s t a f f  developed an o u t l i n e  of t o p i c s  t o  d e f i n e  t h e  sphere of i n t e r e s t  f o r  a  
S e r i e s  of s ta te-of- the-ar t  publ ica t ions  and o ther  products ,  such a s  a  Hand- 
book; these  publ ica t ions  a r e  sponsored and f i n a n c i a l l y  supported by IIASA, 
and reviewed i n t e r n a t i o n a l l y .  
THE SCOPE OF THE PUBLICATIONS 
The o u t l i n e  was developed wi th  the  a s s i s t a n c e  of over 100 a n a l y s t s  
throughout the world who responded t o  a  d e t a i l e d  ques t ionna i re .  A s  a  con- 
* 
sequence of t h e i r  comments and c r i t i c i s m ,  t h e  o u t l i n e  was amplif ied.  
The e d i t o r i a l  s t a f f  designed t h i s  o u t l i n e  with a  th reefo ld  purpose: 
t o  provide prospec t ive  authors  wi th  an overview f o r  generat ing ind iv idua l  
monographs; t o  se rve  a s  a  framework t o  guide the  s t a f f  i n  t h e i r  sponsorship 
and development of the mate r ia l ;  and t o  i n v i t e  i n t e r e s t e d  persons t o  submit 
prospectuses f o r  p o s s i b l e  manuscripts t o  be included among the publ ica t ions .  
It should be c l e a r  without c l o s e  inspec t ion  t h a t  t h e  o u t l i n e  could be 
improved i n  a  number of ways. J u s t  how, however, depends on the  ind iv idua l  
judge. One c r i t i c i s m  i s  t h a t  i t  i s  n e c e s s a r i l y  incomplete (modes of a n a l y s i s  
and a r e a s  of a p p l i c a t i o n  remain t o  be discovered) .  Another c r i t i c i s m  i s  t h a t  
some of t h e  d u p l i c a t i o n ,  which occurs because c e r t a i n  items a r e  mentioned i n  
more than one context ,  could probably be el iminated.  Also the  degree of de- 
velopment of s c i e n t i f i c  top ics  might more near ly  r e f l e c t  the  view held a t  
IIASA, i f  no t  elsewhere i n  the  systems a n a l y s i s  community, a s  t o  cur ren t  
needs and p r i o r i t i e s  wi th  respec t  t o  monographs i n  the  s tate-of- the-ar t  
S e r i e s  o r  a r t i c l e s  f o r  t h e  Handbook. I n  add i t ion ,  one might improve the  
s t r u c t u r e  of the  o u t l i n e ,  arguing wi th  considerable  l o g i c  t h a t  t h e  topics  
should be ordered d i f f e r e n t l y .  There a r e ,  of course, counter-arguments. 
But considering t h e  purpose f o r  which the  o u t l i n e  i s  designed, namely t o  
* 
A complete l i s t  of respondents and an a n a l y s i s  of t h e i r  responses a r e  
repor ted  i n  IIASA RR-76-17, The State-of-the-Art Questionnaire on Applied 
Systems Analysis: A Report on the  Responses. 
bound t h e  domain of top ics  t o  include i n  t h e  S e r i e s  o r  Handbook, t h e  p r e c i s e  
order has l i t t l e  s i g n i f i c a n c e ,  Quest ionnaire  respondents f requent ly  r a i s e d  
ques t ions  of emphasis, which a r e  not r e f l e c t e d  i n  the  o u t l i n e ' s  contents  -- 
f o r  ins tance ,  t h a t  t h e  S e r i e s  should g i v e  p r i o r i t y  t o  volumes t r e a t i n g  t h e  
organ iza t iona l ,  p o l i t i c a l ,  and s o c i a l  aspec t s  of systems a n a l y s i s  r a t h e r  
than techniques -- but  such ques t ions  a r e  b e t t e r  decided by e d i t o r s  and 
reviewers .  
PRODUCTS 
Volumes t h a t  a r e  derived from t h i s  o u t l i n e  f o r  the  S e r i e s  w i l l  be prepared 
l a r g e l y  f o r  practitioners of systems ana lys i s ;  they may include top ics  of 
contemporary i n t e r e s t  chosen by ind iv idua l  au thors  as  wel l  a s  top ics  from 
ILASA work. Volumes w i l l  be issued i n d i v i d u a l l y  as  they a r e  completed, and 
i n  some ins tances  may be revised or  replaced t o  assure  t h a t  they remain 
cur ren t .  The f i r s t  S e r i e s  volumes should be issued by the  beginning of 1977, 
and a  goal i s  t o  publ i sh  them t h e r e a f t e r  a t  t h e  r a t e  of e i g h t  t o  t e n  volumes 
per year .  
The S e r i e s  w i l l  be developed by t h e  Survey P r o j e c t  e d i t o r i a l  s t a f f  a t  
IIASA, wi th  t h e  advice of an i n t e r n a t i o n a l  E d i t o r i a l  Board; i t  w i l l  be 
published i n i t i a l l y  i n  English by John Wiley & Sons Ltd. A S e r i e s  volume 
w i l l  c o n s i s t  of between 200 and 500 p r i n t e d  pages. There w i l l  probably be 
a  wide v a r i a t i o n  i n  t h e  s i z e  of the volumes, p a r t l y  a s  a  consequence of t h e  
d i f f e r e n c e s  i n  development of t h e  ind iv idua l  t o p i c s .  Monographs on s i m i l a r  
t o p i c s  might be baund together  f o r  convenience. 
La te r ,  when t h e  S e r i e s  i s  f i rmly  e s t a b l i s h e d ,  a  Handbook i s  contemplated, 
addressed t o  severa l  audiences: p r a c t i t i o n e r s ,  managers, s c i e n t i s t s ,  and 
s tudents  and teachers  of systems a n a l y s i s .  When it appears ,  it w i l l  be an 
i n t e g r a l  publ ica t ion  comprising a  concise and s t r u c t u r e d  p r e s e n t a t i o n  of 
t h e  underlying concepts, techniques,  and p r a c t i c a l  r e s u l t s  of systems 
a n a l y s i s  a s  a  guide t o  decisionmaking. The scope of the  Handbook w i l l  be 
s i m i l a r  t o  some aspec t s  of t h e  S e r i e s ,  but  it w i l l  focus on t h e  fundamental 
a s p e c t s  of t h e  theory and p r a c t i c e  of systems ana lys i s ;  t h e  m a t e r i a l s  i n  
t h e  Handbook w i l l  thus  emphasize t h e  r e l a t i v e l y  unchanging f e a t u r e s  of sys- 
tems a n a l y s i s .  Because of i t s  na ture ,  t h e  Handbook w i l l  r e q u i r e  f a r  more 
time t o  prepare than t h e  usual  S e r i e s  volume. 
Audiotapes, videotapes,  and f i l m s  may a l s o  be considered a s  means of 
reaching s p e c i f i c  audiences. 
WHY THESE PUBLICATIONS ARE UNIQUE 
The Survey P r o j e c t ' s  p u b l i c a t i o n s  w i l l  a t tempt  t o  include:  
o  General p r i n c i p l e s ,  conceptual foundat ions,  and o b j e c t i v e s  of 
systems a n a l y s i s .  
o  Theore t ica l ,  methodological,  and p r a c t i c a l  aspec t s ,  and the  
l i n e s  of i n v e s t i g a t i o n  and a p p l i c a t i o n  of systems a n a l y s i s  
c u r r e n t l y  i n  use, o r  being contemplated for  use, around the  
wor ld . 
o  Standardized terminology and o t h e r  m a t e r i a l s  t o  f a c i l i t a t e  
consis tency,  communication, and cooperat ion among a  wide 
dpectrum of researchers  employing systems a n a l y s i s  i n  various 
a r e a s  of app l ica t ion .  
Although a  number of respondents t o  the  ques t ionna i re  f e l t  t h a t  t h e r e  
i s  a l ready  an excess  of publ ica t ions  dea l ing  with systems a n a l y s i s ,  t h e r e  
a r e  s e v e r a l  reasons why these  IIASA publ ica t ions  a r e  unique arid why pro- 
s p e c t i v e  authors  w i l l  b e n e f i t  from p a r t i c i p a t i n g :  t h e  i n t e r n a t i o n a l  char- 
a c t e r  of t h e  Survey P r o j e c t ' s  program, t h e  q u a l i t y  c o n t r o l  maintained by 
t h e  e d i t o r i a l  s t a f f ,  and t h e  a s s i s t a n c e  t o  au thors  dur ing  a l l  s t ages  of 
manuscript preparat ion.  
I n t e r n a t i o n a l  Character 
Considerable e f f o r t  i s  devoted by the  Survey P r o j e c t  t o  providing i t s  
p u b l i c a t i o n s  with an i n t e r n a t i o n a l ,  p a r t i c u l a r l y  East-West charac te r .  TQe 
e d i t o r i a l  s t a f f  i s  a s s i s t e d  i n  t h i s  e f f o r t  by IIASA's National  Member Organi- 
z a t i o n s  (NMOS), which have e s t a b l i s h e d  l i a i s o n  committees i n  t h e i r  c o u n t r i e s  
* 
t o  work with t h e  Survey P r o j e c t .  These committees a r e  c a l l e d  upon to: 
o  D i s t r i b u t e  prospectuses ( o u t l i n e s )  of p o t e n t i a l  S e r i e s  volumes 
t o  a  small number of persons knowledgeable i n  t h e  sub jec t  a r e a ,  
who a r e  asked t o  give t h e i r  o p i n i o r ~ s  with r e s p e c t  t o  demand 
* 
The count r ies  represented by National  Member Organizat ions a r e  Aus t r ia ,  
Bulgaria ,  Canada, Czechoslovakia, Federal  Republic of Germany, France, German 
Democratic Republic, Hungary, I t a l y ,  Japan, Poland, Sweden, United Kingdom, 
United S t a t e s ,  and t h e  USSR. 
f o r  t h e  volume i n  t h e i r  r e s p e c t i v e  c o u n t r i e s  and completeness  
of coverage.  
o  Arrange, i n  coopera t ion  w i t h  IIASA, f o r  p u b l i c a t i o n  i n  t h e  
n a t i o n a l  l a n g u a g e ( s ) ,  i f  t h e  need e x i s t s .  
o  I d e n t i f y  p r o s p e c t i v e  a u t h o r s  and r e v i e w e r s .  
o  Arrange f o r  t h e  t r a n s l a t i o n  i n t o  E n g l i s h  of c o n t r i b u t i o n s  
from a u t h o r s  who cannot  w r i t e  i n  E n g l i s h .  
o  C o n t r i b u t e  t o  an i n t e r n a t i o n a l  g l o s s a r y  and o t h e r  r e f e r e n c e  
m a t e r i a l s .  
A l l  Survey P r o j e c t  p r o d u c t s ,  i n c l u d i n g  S e r i e s  p u b l i c a t i o n s ,  w i l l  be 
d i s semina ted  worldwide through t h e s e  NMOS a s  w e l l  a s  through t h e  i n t e r -  
n a t i o n a l  d i s t r i b u t i o n  network of t h e  p u b l i s h e r ,  John Wiley & Sons L td .  
Q u a l i t y  Con t ro l  
When a  manuscr ip t  has  been submit ted  by an a u t h o r ,  i t  w i l l  be reviewed, 
g e n e r a l l y  by two r e f e r e e s  r e p r e s e n t i n g  d i f f e r e n t  p e r s p e c t i v e s ,  who w i l l  
check f o r  o r g a n i z a t i o n ,  c l a r i t y ,  r e a d a b i l i t y ,  r e l e v a n c e  t o  a p p l i e d  systems 
a n a l y s i s ,  e t c . ,  and who may make s u g g e s t i o ~ l s  f o r  m o d i f i c a t i o n  i f  t h a t  seems 
n e c e s s a r y .  A l l  volume manusc r ip t s  a r e  c a r e f u l l y  e d i t e d  by expe r i enced  t ech -  
n i c a l  e d i t o r s  on t h e  Survey P r o j e c t  s t a f f .  
A s s i s t a n c e  t o  Authors  
The e d i t o r i a l  s t a f f  i s  a v a i l a b l e  t o  p rov ide  adv ice  a t  a l l  s t a g e s  of 
manusc r ip t  p r e p a r a t i o n .  I n  a d d i t i o n  t o  t h i s  e d i t o r i a l  h e l p ,  t h e  Survey Pro- 
j e c t  a s s i s t s  a u t h o r s  i n  deve lop ing  c o n t a c t s  and d a t a  i n  c o u n t r i e s  r e p r e s e n t e d  
by t h e  NMOS and e l sewhere .  I n  t h e  c a s e  of  a  volume w i t h  m u l t i p l e  a u t h o r s  
from d i f f e r e n t  c o u n t r i e s ,  IIASA may a l s o  be a b l e  t o  ho ld  a  workshop t o  co- 
o r d i n a t e  e f f o r t s .  
AUDIENCE 
The p r o j e c t ' s  p u b l i c a t i o n s  a r e  addressed t o  a  wide aud ience ,  i n c l u d i n g  
p r a c t i t i o n e r s  of systems a n a l y s i s  i n  government,  i n d u s t r y ,  and r e s e a r c h  
i n s t i t u t i o n s ;  managers a t  a l l  l e v e l s  i n  government and i n d u s t r y ;  s c i e n t i s t s  
and e n g i n e e r s  working a t  t h e  f r o n t i e r s  o f  systems a n a l y s i s ;  and i n s t r u c t o r s ,  
g r a d u a t e  and underg radua te  s t u d e n t s .  
IIASA i s  i n  a  unique p o s i t i o n ,  through i t s  NMOs, t o  i d e n t i f y  and r e p o r t  
worldwide a c t i v i t i e s  i n  the  a p p l i c a t i o n  of systems a n a l y s i s  t o  c u r r e n t  i n t e r -  
n a t i o n a l  i s s u e s  t h a t  a r e  of i n t e r e s t  t o  more than  one n a t i o n ,  such a s  po l lu -  
t i o n ,  and t o  r e p o r t  t h e  l a t e s t  developments i n  systems a n a l y s i s  from r e s e a r c h  
c e n t e r s  and i n d i v i d u a l s  around t h e  world. I f  t h i s  can be r e f l e c t e d  i n  t h e  
p r o j e c t ' s  p u b l i c a t i o n s ,  i t  is  expected t h a t  t h e r e  w i l l  be a  l a r g e  audience. 
AUTHORS AND REVIEWERS 
Because of t h e  i n t e r n a t i o n a l  c h a r a c t e r  of t h e  s t a t e - o f - t h e a r t  pub l i -  
c a t i o n s ,  t h e r e  i s  a  need f o r  c o n t r i b u t i o n s  from a  wide range of e x p e r t s  
from many d i f f e r e n t  c o u n t r i e s .  For t h i s  r eason ,  au thors  f o r  t h e  most p a r t  
w i l l  be chosen from o u t s i d e  IIASA. Prospec t ive  a u t h o r s  f o r  t h e  v a r i o u s  pro- 
d u c t s  w i l l  be i d e n t i f i e d  by one o r  more of t h r e e  b a s i c  methods: 
o  Recommendations by members of t h e  E d i t o r i a l  Board, l i a i s o n  
committees of t h e  NMOs, o r  IIASA s t a f f .  
o  Recommendations by e x p e r t s  i n  a p p r o p r i a t e  t o p i c  a r e a s .  
* 
o  Prospec tuses  received d i r e c t l y  from p o s s i b l e  au thors .  
Authors w i l l  be chosen by t h e  Survey P r o j e c t  s t a f f ,  wi th  the  advice of 
the  IIASA E d i t o r i a l  Board, a f t e r  c a r e f u l  c o n s i d e r a t i o n  of  a l l  p rospec tuses  
and recommendations from t h e  NMOs. The a u t h o r s  w i l l  be paid an honorarium 
and/or  a  p o r t i o n  of t h e  r o y a l t y  income. 
Reviewers ( u s u a l l y  two) a r e  s e l e c t e d  by t h e  e d i t o r i a l  s t a f f ,  o f t e n  a f t e r  
c o n s u l t a t i o n  wi th  one o r  more NMOs ,  t o  e v a l u a t e  a l l  c o n t r i b u t i o n s .  I n s o f a r  
a s  p o s s i b l e ,  reviewers  a r e  chosen t o  complement t h e  a u t h o r ' s  exper ience ,  
both i n t e r n a t i o n a l l y  and s u b s t a n t i v e l y .  Reviewers a r e  pa id  a n  honorarium 
t o  encourage c a r e f u l ,  comprehensive reviews.  
* 
Authors i n t e r e s t e d  i n  p a r t i c i p a t i n g  i n  t h e  Survey P r o j e c t ' s  publ ica-  
t i o n  program a r e  i n v i t e d  t o  submit a  p rospec tus  f o r  a  p o t e n t i a l  monograph. 
The e d i t o r s  have prepared g u i d e l i n e s  f o r  t h e  p r e p a r a t i o n  of these  p rospec tuses ,  
which appear i n  t h e  l a s t  s e c t i o n  of t h i s  r e p o r t .  
SYSTEMS ANALYSIS: AN OUTLINE 
Systems a n a l y s i s  i s  a  complex sub jec t  t h a t  may be examined or  presented 
i n  var ious  ways. The scheme t h a t  d i v i d e s  the o u t l i n e  onto four main s e c t i o n s  
i s  thus somewhat a r b i t r a r y .  These dea l  r e s p e c t i v e l y  with:  
I .  Foundations -- conceptual and ph i losophica l  bases of systems 
a n a l y s i s .  
11. Act iv i t i e s  and Processes -- a r t ,  methods, and techniques.  
111. AppZicatiuns -- a r e a s  or  r o l e s  i n  which systems a n a i y s i s  i s  
or  can be h e l p f u l .  
I V .  Reference MateriaZs -- g l o s s a r i e s ,  b ib l iographies ,  and 
d i r e c t o r i e s .  
The s t r u c t u r e  of the o u t l i n e  i s  h i e r a r c h i c a l  w i t h i n  each sec t ion ;  each 
of these  four  main s e c t i o n s  i s  subdivided and, except f o r  the  l a s t ,  these  
subdiv i s ions  i n  tu rn  a r e  f requent ly  f u r t h e r  subdivided. The upper l e v e l s ,  
inc lud ing  the  f i r s t - l e v e l  s e c t i o n s  and second-level subsect ions (numbered 
i t a l i c i z e d  e n t r i e s  and e n t r i e s  preceded by a  small b u l l e t ,  "o") were o r i -  
g i n a l l y  intended t o  be considered as  s u b j e c t s  fo r  s e p a r a t e  volumes i n  the  
S e r i e s  o r  chap te rs  i n  the  Handbook; lower l e v e l s  (dashed-line e n t r i e s )  were 
t o  provide some concept of t h e  scope. The s t r u c t u r e ,  however, i s  not  suf-  
f i c i e n t l y  w e l l  def ined t o  hold t o  t h a t  idea ,  and it i s  c l e a r  t h a t  many of 
t h e  lower-level t o p i c s ,  e i t h e r  a lone or  i n  combination with o t h e r s ,  a r e  suf-  
f i c i e n t l y  important t o  se rve  a s  a  s u b j e c t  f o r  a  monograph, 
I. FOUNDATIONS OF SYSTEMS ANALYSIS 
A c t i v i t i e s  we now c a l l  "sys tems a n a l y s i s , "  a l t h o u g h  compara t ive ly  r e c e n t  
i n  widespread use ,  have beg inn ings  deep i n  a n t i q u i t y  and r o o t s  i n  many s c i -  
ences  and d i s c i p l i n e s .  T h i s  s e c t i o n  d e a l s  w i t h  t h e  o r i g i n s ,  h i s t o r y ,  and 
modern development of sys tems a n a l y s i s ,  i t s  main themes and c l a s s i c a l  pro-  
c e d u r e s ,  i t s  b a s i s  i n  s c i e n c e  and o t h e r  d i s c i p l i n e s ,  and i t s  p h i l o s o p h i c a l ,  
e p i s t e m o l o g i c a l ,  human, s o c i a l ,  and e t h i c a l  a s p e c t s .  The o u t l i n e  a s  s t r u c t u r e d  
emphasizes  t h e  r o l e  of sys tems ama lys i s  a s  a  p r a c t i c a l  approach t o  a i d i n g  
dec i s ionmaker s ,  b u t  i t s  i n t e r p r e t a t i o n  a s  s y s t e m a t i c  a n a l y s i s  o f  complex 
problems o r  a s  a  d e v i c e  t o  s tudy  l a r g e - s c a l e  complex sys tems i s  n o t  exc luded ,  
no r  d o  we exc lude  t h e  u s e  of t h i s  a n a l y s i s  f o r  advocacy o r  i t s  u s e  i n  t h e  
a d v e r s a r y  p r o c e s s  
With t h e  above i n  mind, t h i s  s e c t i o n  i s  subd iv ided  i n t o  s i x  p a r t s :  
Deve loprnent 
H i s t o r y ,  main themes,  c l a s s i c a l  c a s e s  and p rocedures ,  s t a t e  of  
development .  
I n t e r p r e t a t i o n s  o f  Systems Analysis  
A l t e r n a t i v e  themes,  r e l a t i o n s h i p s  t o  and d i f f e r e n c e s  between 
sys tems a n a l y s i s  and v a r i o u s  d i s c i p l i n e s .  
Bases o f  Systems Analysis  
Systems approach,  i m p o r t a n t  a n a l y t i c  concep t s ,  s t r u c t u r a l / f u n c -  
t i o n a l  c o n c e p t s .  
Philosophical  and Episto.mological Considerations 
P r e s e n t  c a p a b i l i t i e s  and l i m i t a t i o n s ,  r e l a t i o n s h i p s  t o  v a r i o u s  
p h i l o s o p h i c a l  s y s  terns and q u e s t i o n s ,  judgment and i n t u i t i o n  i n  
a n a l y s i s .  
Human, S o c i e t a l ,  wzd Ethical  Aspects:  Impl ica t ions  for Analysis  
Human component i n  sys tems,  s o c i a l  groups  and o r g a n i z a t i o n s ,  
e t h i c s ,  t h e  c l i e n t ,  t h e  a n a l y s t .  
Other Use; o f  Systerls Ancrlysis 
I n  an a d v e r s a r y  p r o c e s s ,  f o r  advocacy. 
o  H i s t o r y  
-- e a r l y  a n t e c e d e n t s  
-- p r e c u r s o r s  
-- p o s t  World War I1 e v o l u t i o n  and development  
o Main themes 
-- aid t o  decisionmaking 
-- search f o r  an optimal choice 
-- concern f o r  the whole system 
-- system modeling 
-- concern f o r  the  des ign  and syn thes i s  of a l t e r n a t i v e s  
-- concern f o r  c r i t e r i a  and performance assessment 
-- concern f o r  changes over time 
-- i n t e r d i s c i p l i n a r i t y ;  c r o s s - d i s c i p l i n a r i t y  
-- i t e r a t i o n  
-- concern f o r  choice of o b j e c t i v e s  
-- e x p l i c i t  t reatment  of uncer ta in ty  
-- in t roduc t ion  of o b j e c t i v i t y  i n t o  l a r g e l y  sub jec t ive  a reas  
o C l a s s i c a l  cases  and procedures 
-- cos t -e f fec t iveness  a n a l y s i s  t o  rank s i m i l a r  a l t e r n a t i v e s  
-- cos t -benef i t  a n a l y s i s  t o  eva lua te  major publ ic  investments 
-- PERT (Program Evaluat ion and Review Technique) t o  plan and 
manage programs 
-- PPBS (Planning-Programming-Budgeting System) a s  a  framework 
f o r  government management 
-- large-scale  s imulat ions to  t e s t  pre-operat ional  v a r i a n t s  
-- formal R&D planning methods 
-- use of gaming t o  study c o n f l i c t  s i t u a t i o n s  
-- large-scale  reg iona l  and ecor~omic models f o r  planning 
o S t a t e  of development 
-- i n  var ious  c o u n t r i e s  
-- open problems 
-- des i red  f u t u r e  d i r e c t i o n s  
1.2 Interpretations of Systems Analysis 
o Al te rna t ive  themes 
-- systematic  a n a l y s i s  of complex problems 
-- study of large-scale  systems 
-- formal techniques of decisionmaking 
-- p r a c t i c a l  a n a l y s i s  t o  a i d  decisionmakers 
o Re la t ionsh ips  t o  and d i f f e r e n c e s  from var ious  d i s c i p l i n e s  
-- opera t iona l  or opera t ions  research  
-- systems engineering 
-- cyberne t ics  
-- economics 
-- c o n t r o l  systems theory 
-- sociology 
-- f u t u r e s  r e s e a r c h  
-- other  r e l a t i o n s h i p s  
1 . 3  Bases of  Systems Analysis 
o  Systems approach 
-- comprehensive 
-- i n t e r d i s c i p l i n a r y  
-- f u t u r e -  and d e s i g n - o r i e n t e d  
-- a n a l y t i c a l  
-- i t e r a t i v e  
-- o b j e c t  ive-or  i e n  ted  
-- s e n s i t i v e  t o  i n h e r e n t  complex i ty  of problems 
-- s i m u l t a n e o u s l y  q u a l i t a t i v e  and q u a n t i t a t i v e  
-- o r i e n t e d  towards  p r a c t i c e  
o  Impor t an t  a n a l y t i c  concepcs  and i s s u e s  
-- c l a r i f i c a t i o n  o f  t h e  problem 
-- s p e c i f i c a t i o n ,  s y n t h e s i s ,  and d e s i g n  o f  a l t e r n a t i v e s  
-- c o n s i d e r a t i o n  o f  a l l  t h e  impac t s ,  i n c l u d i n g  t h e  d i s t r i -  
b u t i o n a l  consequences  of t h e  d e c i s i o n  
-- e v a l u a t i o n  i n  te rms of consequences :  c o s t ,  per formance,  
r i s k ,  e t c .  
-- e x p l i c i t  t r e a t m e n t  of u n c e r t a i n t y  and t empora l  f a c t o r s  
-- s e n s i t i v i t y  a n a l y s i s  
-- q u a n t i t a t i v e  models when f e a s i b l e  
-- r o b u s t n e s s ,  r e s i l i e n c e  
-- f e a s i b i l i t y  and c o n s t r a i n t s  
o  S t r u c t u r a l / f u n c t i o n a l  c o n c e p t s  
-- s t r u c t u r a l :  e l e m e n t s ,  subsys t ems ,  h i e r a r c h y ,  l i n k a g e ;  
dynamic,  s t r u c t u r a l  a n a l y s i s  and changes  i n  t h e  s t r u c t u r e  
-- f u n c t i o n a l :  f l ow o f  i n f o r m a t i o n ,  c o n t r o l ,  i n c e n t i v e s ,  
o b j e c t s ;  ass ignment  o f  g o a l s ,  t a s k s ,  r e s o u r c e s ;  dynamic 
changes  i n  f u n c t i o n s  
1 . 4  Philosophical and Epistemological Considerations 
o  P r e s e n t  c a p a b i l i t i e s  and l i m i t a t i o n s  
-- i n  p r i n c i p l e  
o  R e l a t i o n s h i p  t o  v a r i o u s  p h i l o s o p h i c a l  sys t ems  and 
q u e s t i o n s  
-- s c i e n t i f i c  me thodo log ie s  
-- contemporary  epistemological t h e o r i e s  
-- h o l i s t i c  t h i n k i n g  
-- i n q u i r i n g  sys tems 
-- o t h e r  s u p p o r t i n g  p h i l o s o p h i c a l  c o n c e p t s  
o  Judgment and i n t u i t i o n  i n  a n a l y s i s  
-- n e c e s s i t y  f o r  
-- l i m i t s  o f  fo rma l  a n a l y s i s  
1 .5  Human, Socie ta l ,  and Ethical Aspects: Implications for Arialysis 
o  Human component i n  sys tems 
-- p e r s o n a l i t i e s  
-- c u l t u r e s  
-- s o c i e t i e s  
o  S o c i a l  groups  and o r g a n i z a t i o n s  
-- i n f l u e n c e  of o r g a n i z a t i o n a l  s e t t i n g  
-- o r g a n i z a t i o n a l  d e s i g n  and problems of s c a l e  
-- d i s t r i b u t i o n a l  impacts  
-- s o c i a l  u t i l i z a t i o n  of sys t ems  a n a l y s i s  
o E t h i c s  
-- p r o f e s s i o n a l  r e s p o n s i b i l i t y  and i n t e g r i t y  of t h e  a n a l y s t  
-- v a l u e s ,  o b j e c t i v e s ,  and t h e  m o r a l i t y  of i n t e r v e n t i o n  
o  The c l i e n t  and t h e  u t i l i z a t i o n  of sys tems a n a l y s i s  
-- overcoming r e s i s t a n c e  t o  i t s  u se  
-- c l i e n t  problems w i t h  sys tems a n a l y s i s  
-- c l i e n t - a n a l y s t  r e l a t i o n s h i p  
1 . 6 .  Other Uses of Systems Analysis 
o  I n  an a d v e r s a r y  p r o c e s s  
-- t e c h n i q u e s  of a rgumen ta t ion ,  u ses  of ev idence  
o  For advocacy 
11. ACTIVITIES AND PROCESSES OF SYSTEMS ANALYSIS 
Given t h e  broad r ange  of a c t i v i t i e s  spanned,  t h e r e  i s  no  g e n e r a l  ag ree -  
ment a s  t o  what c o n s t i t u t e s  a  s t a n d a r d  o r  even an a p p r o p r i a t e  way t o  conduct  
a  sys t ems  a n a l y s i s .  N e v e r t h e l e s s ,  t h e r e  a r e  a  number of f r e q u e n t l y  employed 
a c t i v i t i e s  and p r o c e s s e s ,  r a n g i n g  f rom t h e  u s e  of judgment and i n t u i t i o n  t o  
w e l l - e s t a b l i s h e d  a l g o r i t h m s .  T h i s  s e c t i o n  a t t e m p t s  t o  b r i n g  t o g e t h e r  t h e s e  
v a r i o u s  a s p e c t s  of t h e  p r a c t i c e  of sys t ems  a n a l y s i s  i n t o  an o rde red  s t r u c t u r e .  
For t h e  purpose  of t h i s  o u t l i n e ,  it  i s  u s e f u l  t o  d i s t i n g u i s h  t h r e e  a s -  
p e c t s  of t h e  p r a c t i c e  of sys t ems  a n a l y s i s :  
A .  A r t  
Systems a n a l y s i s  r e q u i r e s  c o n s i d e r a b l e  i n s i g h t  and i n i t i a t i v e  
on t h e  p a r t  of t h e  a n a l y s t .  There  a r e  many t a s k s  t h a t  he  
must complete  o r  i s s u e s  he must d e c i d e  t h a t  a r e  s u b j e c t i v e  and 
canno t  be  d e s c r i b e d  e x a c t l y  -- i n  t h e  way he  d e c i d e s  t o  look a t  
t h e  problem o r  l i m i t  i t s  e x t e n t ,  i n  t h e  d e s i g n  of a l t e r n a t i v e s ,  
i n  t h e  cho ice  of t o o l s .  
B. Methodology 
The formal  b a s e s  of sys tems a n a l y s i s  and methods t o  a i d  d e c i s i o n -  
makers come l a r g e l y  f rom dec i s ionmak ing  e x p e r i e n c e  and p r a c t i c e  
b u t  t o  an i n c r e a s i n g  e x t e n t  a l s o  from dec i s ionmak ing  t h e o r y .  
C. Techniaues  
S p e c i f i c  t o o l s  ( b o t h  q u a l i t a t i v e  and q u a n t i t a t i v e ) ,  o f t e n  coming 
from d i s c i p l i n e s  such a s  s t a t i s t i c s ,  ma thema t i c s ,  p h y s i c a l  s c i e n c e ,  
o r  economics, a r e  f r e q u e n t l y  u s e f u l  d u r i n g  t h e  conduct  of a  sys-  
tems a n a l y s i s .  
1I .A.  A r t  of Systems A n a l y s i s  
While i t  i s  n o t  p o s s i b l e  t o  a  g i v e  a  p r e c i s e  p r e s c r i p t i o n  f o r  t h e  con- 
d u c t  of a  sys tems a n a l y s i s ,  t h e  e x p e r i e n c e  of t h e  p a s t  30 y e a r s  has  r e v e a l e d  
p a t t e r n s  of a c t i v i t y  and sugges t ed  g e n e r a l i z a t i o n s  t h a t  can be d i s t i l l e d  and 
p r e s e n t e d .  These  a c t i v i t i e s ,  which c o n s t i t u t e  t h e  a r t  of sys tems a n a l y s i s ,  
a r e  covered i n  t h e  o u t l i n e  i n  f i v e  s u b s e c t i o n s :  
Features of Systems Analys i s  
participants, purposes. inputs, modes of analysis, outputs, 
Stages  of Systems Analys i s  
Problem formulation, information gathering, system identifica- 
tion, specification of alternatives, assessment of implications, 
implementation. 
Case S t u d i e s  
critical examinations, comparisons. 
Hwnan Aspects  of* Decisiorunaking 
- 
Value systems, human information processing, personal versus insti- 
turional objectives. 
Ger~eral Guide l i n e s  
Pirfalls, difficulties, first-order analysis. 




-- other interested parties (e.g., target groups, interest 
groups, citizens in general) 
o Purposes 
-- resource allocation 
-- evaluation of proposed action 
-- evaluation of ongoing program 
-- knowledge on which to base action 
-- forecasting, planning, and/or programming 
o Inputs 
-- perception of the problem 
-- goals and objectives 
-- problem context and environment 
-- constraints 
-- decision environment 
-- possible alternative decisions 
-- assumptions about unknown and uncertain factors 
o Modes of analysis 
-- mathematical or conlputational models 
-- computer simulation 
-- verbal (e.g., explicit, logical) models 
-- social experimentation 
-- judgment by an individual expert or groups of experts 
-- operational gaming 
-- empirical data analysis 
-- sensitivity analysis 
0 Outpu t s  
-- compar ison,  p o s s i b l y  a  r a n k i n g ,  of a l t e r n a t i v e s  
-- c l a r i f i c a t i o n  of o b j e c t i v e s ,  improved u n d e r s t a n d i n g  of 
i s s u e s  
-- i n v e n t i o n  of new a l t e r n a t i v e s ,  o p t i o n s ,  means 
-- e x p l i c i t  p r e s e n t a t i o n  of a s sumpt ions ,  u n c e r t a i n t i e s ,  e s t i -  
ma te s ,  c o s t s ,  e t c .  
-- s p e c i f i c a t i o n  of a l t e r n a t i v e s  
-- e v a l u a t i n g  performance of s e l e c t e d  a l t e r n a t i v e s  
-- sys tem d e s c r i p t i o n  
-- r e l a t i v e  impor tance  of f a c t o r s  a f f e c t i n g  o u t p u t  
-- t e c h n i q u e s  f o r  imp lemen ta t ion  
-- d e s i g n  of p rocedures  and p o l i c i e s  
-- a rgumen ta t ion  and advocacy b r i e f s  
o  Complex i t i e s  
-- p a r t i c i p a n t s  ( a n a l y s t s ,  dec i s ionmaker  s ,  t a r g e t  g roups ,  e t c . )  : 
m u l t i p l e ,  competing,  no t  comple t e ly  known 
-- i n p u t s  ( o b j e c t i v e s ,  pu rposes ,  c o n t e x t ,  a l t e r n a t i v e s ,  e t c . ) :  
m u l t i p l e ,  compet ing,  vague, i ncomple t e ,  i l l - d e f i n e d  
-- modes of a n a l y s i s :  many, imposs ib l e  t o  q u a n t i f y  
-- o u t p u t s  ( i m p a c t s ,  r e s u l t s ,  c o n c l u s i o n s ) :  u n c l e a r ,  low c o n f i -  
dence ,  many, t ime-dependent,  i n e q u i t a b l e  
II.A.2. S tages  of Systzms Analys i s  
--
o  Problem f o r m u l a t i o n  and i n f o r m a t i o n  g a t h e r i n g  
-- i s o l a t i o n  of i s s u e s  
-- i d e n t i f i c a t i o n  of d e c i s i o n  framework, c r i t e r i a  
-- d e t e r m i n a t i o n  of g l o b a l  and l o c a l  o b j e c t i v e s  
-- s p e c i f i c a t i o n  of problem f o r  a n a l y s i s  
-- g a t h e r i n g  in fo rma t ion  abou t  problem, c o n t e x t ,  and sys tem 
-- d e c i d i n g  what approach t o  t a k e  
-- making n e c e s s a r y  a s sumpt ions  
o  System i d e n t i f i c a t i o n  and s p e c i f i c a t i o n  of a l t e r n a t i v e s  
-- d e f i n i t i o n  of f a c t o r s  a f f e c t i n g  o b j e c t i v e s  
-- s p e c i f i c a t i o n  o f  l i n k a g e  among v a r i a b l e s  i n  t h e  sys t em 
-- c o n s t r u c t i o n  of formal  o r  i n f o r m a l  model(s )  , i n c l u d i n g  
i d e n t i f i c a t i o n  of sys tem b o u n d a r i e s ,  subsys tems,  l e v e l s  
of a g g r e g a t i o n ,  i n t e r r e l a t i o n s h i p s ,  i n p u t l o u t p u t  f u n c t i o n s ,  
c h o i c e  of a n a l y t i c a l  t o o l s ,  v a l i d a t i o n  of model(s )  
-- i d e n t i f i c a t i o n  of p o s s i b l e  d e c i s i o n s  and a c t i o n s  open t o  
dec i s ionmaker s ,  i n c l u d i n g  c r e a t i v e  d e s i g n  and s y n t h e s i s  of 
new a l t e r n a t i v e s ,  f e a s i b i l i t y  and c o n s t r a i n t s  
-- i d e n t i f i c a t i o n  of t h e  l i m i t s  t o  t h e  r ange  of p o s s i b l e  
a c t i o n s  
o  Assessment of a l t e r n a t i v e s  and p r e s e n t a t i o n  of t h e  imp l i ca -  
t i ons  
-- cho ice  of methods of accoun t ing  f o r  u n c e r t a i n t y  and ou t -  
comes f o r  v a r i o u s  t ime s t r e a m s ,  s e n s i t i v i t y  t e s t s  
-- s e l e c t i o n  of a  method t o  t e s t  consequences  ( i n  t e rms  of 
outcome measures)  o f  each  a l t e r n a t i v e  i n  c o n t e x t ,  under 
s p e c i f i e d  c o n s t r a i n t s  
-- assessment  of t h e  consequences  of each  a l t e r n a t i v e  
a c c o r d i n g  t o  chosen methods 
-- d e t e r m i n a t i o n  of outcomes t o  c o n s i d e r :  c o s t s  ( i n c l u d i n g  
nonmonetary c o s t s ) ,  performance,  r i s k ,  e t c .  
-- s e l e c t i o n  of a  method t o  p r e s e n t  t h e  r e s u l t s  o f  t h e  ana- 
l y s i s  t o  i n d i v i d u a l  dec i s ionmaker s  o r  t o  mu l t i -pe r son  
dec i s ionmak ing  bod ie s  and managers 
o  A s s i s t a n c e  i n  implementa t ion  
-- a d a p t i n g  a  s p e c i a l  a l t e r n a t i v e  f o r  imp lemen ta t ion  i n c l u d i n g  
d e t a i l e d  d e s i g n  ( e .g . ,  s c h e d u l i n g ,  o r g a n i z a t i o n a l  changes)  
-- i n fo rming  and t r a i n i n g  pe r sons  who ~r lus t  adopt  t h e  a l t e r n a -  
t i v e  
-- moni to r ing  t h e  performance o f  t h e  adopted  a l t e r n a t i v e  
-- r e v i s i n g  t h e  a l t e r n a t i v e  on t h e  b a s i s  of performance 
-- p r e p a r i n g  t h e  peop le  who must change a s  a  consequence of 
t h e  a l t e r n a t i v e  t o  be implemented 
-- s y s t e m a t i c  examina t ion  and a l t e r n a t i v e  i i~ ip lemen~.a t  ion 
s t r a t e g i e s  
o  E v a l u a t i o n  o f  implemented a l t e r n a t i v e s  
-- d e t e r m i n a t i o n  of r e a s o n  f o r  e v a l u a t i o n  
-- c h o i c e  of performance outcomes t o  e v a l u a t e :  c o s t ,  pcr-  
formance,  r i s k ,  d i s t r i b u t i o n a l  e f f e c t s ,  e t c .  
-- d e s i g n  of e v a l u a t i o n  p rocedure  
-- conduct of e v a l u a t i o n  
-- r e p o r t  of r e s u l t s  t o  decis ionmaker /manager  
I I .A .3 .  Case Studies 
o  C r i t i c a l  examina t ion  of i n d i v i d u a l  sys t ems  a n a l y s i s  
o  Exemplary a n a l y s e s  of p a r t i c u l a r  problems 
o  Case s t u d i e s  t o  i l l u s t r a t e  good and poor p r a c t i c e s  i n  a n a l y s i s ,  
w i t h  emphasis  on t h e  p r o c e s s  r a t h e r  t h a n  on t h e  s p e c i f i c  f i n d i n g s  
o  Comparisons of d i f f e r e n t  t r e a t m e n t s  of t h e  same o r  s i m i l a r  
problems,  e . g . ,  by a n a l y s t s  w i t h  d i f f e r e n t  t r a i n i n g  o r  f rom 
d i f f e r e n t  o r g a n i z a t i o n s  
o  R e t r o s p e c t i v e  a n a l y s e s  of a c t u a l  d e c i s i o n s  
o  I n v e s t i g a t i o n  of c h a r a c t e r i s t i c s  o f  a p p l i c a t i o n s  where sys t ems  
a n a l y s i s  t ends  t o  be  most u s e f u l ,  l e a s t  u s e f u l .  
I I .A .4 .  Human Aspects of Decisionmaking 
o  Value systeins of i n d i v i d u a l s  
o  Human i n f o r m a t i o n  p r o c e s s i n g  
o  P e r s o n a l  v e r s u s  i n s t i t u t i o n a l  o b j e c t i v e s  
I1 . A .  5 General Guidelines 
o  P i t f a l l s  and c o m o n  d i f f i c u l t i e s  
-- i n  t h e  n a t u r e  of t h e  problem, argument,  t o o l s ,  and s o l u t i o n  
-- i n t roduced  by t h e  a n a l y s t  or dec i s ionmaker  
o  F i r s t - o r d e r  a n a l y s i s  
-- matching l e v e l  t o  d e c i s i o n  urgency,  t ime  a v a i l a b i l i t y ,  e t c .  
-- r u l e s  of thumb and t r i c k s - o f - t h e - t r a d e  
1 I .B .  Methodology of Systems A n a l y s i s  
While many a s p e c t r  o f  t h e  p r a c t i c e  of sys tems a n a l y s i s  c o n t i n u e  t o  be 
what we would c a l l  " a r t , "  o t h e r s  a r e  c l e a r l y  s c i e n t i f i c  i n  n a t u r e  and a t t e m p t s  
a r e  b e i n g  made t o  g i v e  s t i l l  o t h e r s  a  s c i e n t i f i c  b a s i s .  One approach i s  
t h rough  t h e  development ,  b o t h  t h e o r e t i c a l l y  and e m p i r i c a l l y ,  of a n a l y t i c a l  
frameworks t h a t  can  be  used t o  g i v e  s t r u c t u r e  t o  t h e  a n a l y s i s  of p r a c t i c a l  
dec i s ionmak ing  problems.  A second,  more widesp read ,  approach has  been th rough  
t h e  s y s t e m a t i c  s t u d y  of fundamenta l  i s s u e s  t h a t  a r i s e  i n  and t h e  p rocedures  
t h a t  a r e  r e q u i r e d  f o r  t h e  s u c c e s s f u l  use  of t h e s e  frameworks.  The need f o r  
c o n s i d e r i n g  bo th  t h e  b a s i c  s t r u c t u r e s  f o r  a n a l y s i s  t o  h e l p  w i t h  d e c i s i o n -  
making and t h e  problems w i t h  t h e i r  use  has  l ed  t o  t h e  d i v i s i o n  of t h i s  p a r t  
of t h e  o u t l i n e  i n t o  two s u b s e c t i o n s :  
AnalyticaZ - Frameworkc for Decis~iorunakirtg 
T r a d i t i o n a l  i nves tmen t  a n a l y s i s ,  t h e  economic t h e o r y  of c h o i c e ,  
d e c i s i o n  a n a l y s i s ,  c o s t - e f f e c t i v e n e s s  a n a l y s i s ,  c o s t - b e n e f i t  ana- 
l y s i s ,  m u l t i a t t r i b u t e  impact a s se s smen t ,  game t h e o r y  app roaches ,  
p o s s i b l e  new a n a l y t i c a l  frameworks,  compar isons  and e v a l u a t i o n  of 
alternative frameworks,  ways i n  which sys tems a n a l y s i s  improves 
t r a d i t i o n a l  methods.  
Issues,  ProbZems, and Proced~~rcs  i n  Dccisionrnaking MethodoZogy 
- 
Problem f o r m u l a t i o n ,  d e t e r m i n a t i o n  of o b j e c t i v e s ,  s y n t h e s i s  of 
a l t e r n a t i v e s ,  d e f i n i t i o n  o f  p robab le  s t a t e s  of t h e  wor ld ,  p r e -  
d i c t i o n  of consequences ,  a p p l i c a t i o n  of d e c i s i o n  r u l e s ,  methodo- 
l o g i c a l  problems . 
11. B. 1. AnaZuticaZ Frarncworks for Decisionrnakina 
o  T r a d i t i o n a l  i nves tmen t  a n a l y s i s  
-- c o s t s  and r e t u r n s  c a l c u l a t e d  i n  p u r e  monetary u n i t s  
-- d e c i s i o n  guided by t h e  r e l a t i o n s h i p  between c o s t s  and 
r e t u r n s  
o  The economic t h e o r y  of cho ice  
-- o b j e c t i v e s ,  c r i t e r i a ,  a l t e r n a t i v e s ,  models ,  c o s t s  
o  C o s t - e f f e c t i v e n e s s  a n a l y s i s  
-- e f f e c t i v e n e s s  c a l c u l a t e d  i n  " n a t u r a l "  u n i t s  
-- d e c i s i o n  guided by r e l a t i o n s h i p s  between c o s t  and 
e f f e c t i v e n e s s  
o  Cos t -bene f i t  a n a l y s i s  
-- c o s t s  and b e n e f i t s  t r a n s l a t e d  i n t o  monetary  u n i t s  
-- d e c i s i o n s  guided by r e l a t i o n s h i p s  between c o s t s  and 
b e n e f i t s  
o  Dec i s ion  a n a l y s i s  
-- outcomes c a l c u l a t e d  i n  te rms o f  u t i l i t y  
-- d e c i s i o n  guided by expec ted  u t i l i t y  or o t h e r  c r i t e r i a  of cho ice  
o  M u l t i a t t r i b u t e  impact a s se s smen t  
-- m u l t i p l e  consequences  de t e rmined  i n  d i f f e r e n t  " n a t u r a l "  
u n i t s  
-- d e c i s i o n  by judgment based on r e l a t i o n s h i p s  among a l l  
consequences  
o  Game t h e o r y  a n a l y s i s  
o  P o s s i b l e  new a n a l y t i c a l  frameworks 
o  Comparisons and e v a l u a t i o n  of a l t e r n a t i v e  frameworks 
-- l i m i t a t i o n s  of t r a d i t i o n a l  a n a l y t i c a l  frameworks 
-- a p p r o p r i a t e  a r e a s  of u se  f o r  each of t h e  d i f f e r e n t  
a n a l y t i c a l  frameworks 
o  Ways i n  which sys t ems  a n a l y s i s  improves t r a d i t i o n a l  methods 
II.B.2. Issues, Problems, and Procedures in Decisionmaking Methodology 
- 
o  Problem f o r m u l a t i o n  
-- c o n s i d e r a t i o n  of s o u r c e ,  p r e s s u r e  of t ime ,  a v a i l a b l e  
i n f o r m a t i o n  
-- impor tance  of p e r s p e c t i v e  
-- p r o c e d u r e s ,  u se  of i s s u e  p a p e r s  
o  De te rmina t ion  of o b j e c t i v e s  
-- methods,  i n c l u d i n g  o b j e c t i v e s  t r e e s  and s c e n a r i o s  
-- g o a l s ,  t a r g e t s ,  measures of e f f e c t i v e n e s s  
-- s i n g l e -  and m u l t i p l e -  o b j e c t i v e  f u n c t i o n s ,  m u l t i a t t r i b u t e  
s o l u t i o n s  
-- c o n f l i c t i n g  o b j e c t i v e s  
o  S y n t h e s i s  of  a l t e r n a t i v e s  
-- r e l a t i o n s h i p s  t o  o b j e c t i v e s ,  c o n s t r a i n t s  
-- i d e i i t i f i c a t i u n  and d e s i g n  p r o c e d u r e s ,  i t e r a t i o n ,  " f i n e -  
tuning"  
-- u n c e r t a i n t y  and means of r e d u c i n g  i t s  impact 
-- f e a s i b i l i t y  a n a l y s i s ,  impor tance  
o  D e f i n i t i o n  of p robab le  s t a t e s  of t h e  world 
-- as sumpt ions ,  e x p l i c i t  t r e a t m e n t  of u n c e r t a i n t y ,  t ime 
-- s t r u c t u r i n g  t h e  u n c e r t a i n t y  
-- s t a t i s t i c a l  and s u b j e c t i v e  p o s s i b i l i t i e s  
o  P r e d i c t i o n  of consequences 
-- models, f o r  each  a l t e r n a t i v e - s t a t e  p a i r  
-- t y p e s  of models,  model b u i l d i n g  
-- model v e r i f i c a t i o n  and v a l i d a t i o n ,  conf idence  methods 
-- c o n t r o l l e d  expe r imen ta t  i o n  
-- compe t i t i ve  a s p e c t s  and t h e  r e s o l u t i o n  of c o n f l i c t  
o  A p p l i c a t i o n  of d e c i s i o n  r u l e s  
-- cho ice  of a  d e c i s i o n  framework 
-- d e t e r m i n a t i o n  of u t i l i t y ,  d i f f e r e n t  f o r m u l a t i o n s  
o  Methodological  problems 
-- t r e a t m e n t  of i n h e r e n t  complexi ty  
-- d e t e r m i n a t i o n  of m u l t i p l e  v a l u e s  and c r i t e r i a  
-- r i s k  a n a l y s i s  and a s ses smen t  of t h e  consequences  of  r i s k  
-- p r e f e r e n c e  s t r u c t u r e s  and cho ice  p rocedures  
-- comparison of q u a l i t a t i v e  f e a t u r e s  
-- a n a l y z i n g  s e n s i t i v i t y  
-- a g g r e g a t i o n  and decompos i t ion ,  p r o c e d u r a l  i s s u e  of system 
d i v i s i b i l i t y  and i n t e g r i t y  
-- a n a l y z i n g  d e c i s i o n  e f f i c i e n c y  and f e a s i b i l i t y  
-- h e u r i s t i c  dec i s ionmak ing ,  h e u r i s t i c  programming 
-- s e a r c h i n g  and o p t i m i z i n g  methods i n v o l v i n g  d e t e r m i n i s t i c  
and random s e a r c h  
-- a n a l y z i n g  s t a b i l i t y  of c o n d i t i o n s  
-- v e c t o r  and s c a l a r  o p t i m i z a t i o n  
-- hand l ing  s e v e r a l  l o c a l  opt ima 
-- i d e n t i f i c a t i o n  and d e s i g n  of a l t e r n a t i v e s  
-- q u a n t i f i c a t i o n  i n  s o c i a l  sys tems 
-- modeling and a n a l y s i s  of human b e h a v i o r a l  sys tems 
( p o l i t i c a l  sys tems,  c o n f l i c t  sys t ems ,  e t c . )  
1I.C. Techniques  of Systems Ana lys i s  
During t h e  conduct  of a n  a n a l y s i s  t h e  a n a l y s t  may have t o  c a l l  upon a  
wide r ange  of s p e c i f i c  t echn iques  t o  a s s i s t  i n  such t a s k s  a s  d a t a  g a t h e r i n g  
and a n a l y s i s ,  measur ing,  modeling, f o r e c a s t i n g ,  s y n t h e s i z i n g ,  and op t imiz ing ,  
and so  on. A  few of t h e s e  a r e  unique t o  sys tems a n a l y s i s ,  bu t  g e n e r a l l y  they 
a r e  drawn from o t h e r  s o u r c e s .  N e v e r t h e l e s s ,  t hey  form an impor t an t ,  i n  f a c t  
c e n t r a l ,  p a r t  of t h e  t o o l s  needed f o r  t h e  conduct of sys tems a n a l y s i s .  A l -  
though much ha; been w r i t t e n  about  most of t h e s e  t e c h n i q u e s ,  p u b l i c a t i o n s  i n  
t h e  S e r i e s  on the  s t a t e - o f - t h e - a r t  of sys tems a n a l y s i s  might s t i l l  be devoted 
t o  some of them. 
The proposed s u b d i v i s i o n  f o r  t h i s  p a r t  of t h e  o u t l i n e  i s :  
Descript ion Techniques 
Data  g a t h e r i n g ,  h a n d l i n g ,  a n a l y s i s .  
Mode l i n g  Techniques 
General  model t ypes ,  s p e c i f i c  model t y p e s ,  model b u i l d i n g ,  v a l i -  
d a t i o n .  
Forecasting Techniques 
Q u a l i t a t i v e ,  q u a n t i t a t i v e .  
Estimation Techniques 
Cost and r e s o u r c e  use e s t i m a t i o n .  Performance and r i s k  e s t i m a t i o n ,  
common e s t i m a t i o n  i s s u e s .  
Synthes i s  and Design Techniques 
Q u a l i t a t i v e ,  q u a n t i t a t i v e ,  f e a s i b i l i t y  a n a l y s i s .  
Optimizat ion Techniques 
Computational;  expe r imen ta l .  
Experimental Techniques 
Exper imenta l  d e s i g n ,  l a r g e - s c a l e  s o c i a l  exper iments .  
Planning cozd Management Techniques 
Program-oriented p l ann ing  and budge t ing ,  even t -o r i en ted  p l ann ing  
and s c h e d u l i n g ,  s e c t o r i a l  p l a n n i n g  and management, r e g i o n a l  
p l ann ing  and management. 
Implementation Techniques 
Program s p e c i f i c a t i o n ,  program i n t r o d u c t i o n ,  program moni to r ing  
and r e v i s i o n .  
11. C. 1. Descript ion Techniques 
o  Da ta  g a t h e r i n g  
-- sampl ing theory  
-- su rvey  methodology 
-- exper imen ta l  d e s i g n  
-- secondary and i n d i r e c t  sou rces  
-- d a t a  g e n e r a t i o n  
o Data h a n d l i n g  
-- d a t a  e n t r y  
-- d a t a  s t r u c t u r e s ,  f i l e s ,  bases  
-- d a t a  s e l e c t i o n ,  man ipu la t ion ,  r e t r i e v a l  
-- d a t a  d i s p l a y  
o  Data  a n a l y s i s  
-- d a t a  s c r e e n i n g ,  r e d u c t i o n  
-- m u l t i v a r i a t e  s t a t i s t i c a l  t echn iques  ( i n c l u d i n g  r e g r e s s i o n  
a n a l y s i s )  
-- t ime-ser  i e s  a n a l y s i s  
-- p a t t e r n  r e c o g n i t i o n  
-- s t a t i s t i c a l  i n f e r e n c e  
I I. C. 2. Mode Zing Techniques 
o  Genera l  model t ypes  
-- q u a l i t a t i v e  and v e r b a l  models 
-- s t r u c t u r e d  d a t a  a r r a y s  
-- con t inuous  mathemat ica l  models 
-- d i s c r e t e  mathemat ica l  models 
-- s t o c h a s t i c  models (queuing,  i n v e n t o r y , e t c . )  
-- computer models ( i n c l u d i n g  s i m u l a t i o n s )  
-- o p e r a t i o n a l  games 
-- man-machine models 
-- mixed models ( e . g . ,  c o n t i n u o u s - d i s c r e t e  ma thema t i ca l  models) 
-- fuzzy  models 
o  S p e c i f i c  model t y p e s  
-- spec i a l -pu rpose  p h y s i c a l  models 
-- economic models ( e . g . ,  i n t e r i n d u s t r y  models,  p r o d u c t i o n  mo- 
d e l s ,  demand models) 
-- e n g i n e e r i n g  models ( e . g . ,  c o n t r o l  sys t em models,  communi- 
c a t i o n  sys tem models) 
-- o p e r a t i o n a l  researchlmanagement  s c i e n c e  models ( e .g . ,  schedu- 
l i n g  models,  t r a n s p o r t a t i o n  models,  queu ing  models) 
-- c o n f l i c t  and c o m p e t i t i v e  models ( e .g . ,  game t h e o r y  models ,  
game s i m u l a t i o n s )  
-- i n t e r a c t i v e  models 
o  Systems of models 
o  Lea rn ing  p r o c e s s e s  i n  modeling,  model b u i l d i n g  
o  Model v a l i d a t i o n  and v e r i f i c a t i o n  
11. C. 3 .  Farecas t i n g  Tcclzniqucs 
o  N e c e s s i t y  f o r  i n c l u d i n g  s c i e n t i f i c  f o r e c a s t i n g  
0 Q u a l i t a t i v e  
- - s c e n a r i o  w r i t i n g  
-- c a s e  a n a l y s i s  
-- o b j e c t i v e s  t r e e s  
-- e x p e r t  op in ion ,  i n d i v i d u a l  o r  group (De lph i )  
o  Q u a n t i t a t i v e  
-- t r e n d  i n t e r p o l a t i o n  and e x t r a p o l a t i o n  
-- r e l e v a n c e  t r e e s  
-- m u l t i v a r i a t e  and s t r u c t u r a l  models 
-- cross- impact  a n a l y s i s  
-- sys tems decomposi t ion  
1I.C. 4. E:rt imat l :~n TechniLj~tes 
o  Input- -cos t  and r e s o u r c e  use  e s t i m a t i o n  
-- c o s t  accoun t ing  
-- c o s t  e s t i m a t i o n  
-- r e s o u r c e  use  a c c o u n t i n g  
-- r e s o u r c e  use e s t i m a t i o n  
o  Output--performance e s t i m a t i o n  
-- e f f e c t i v e n e s s  (measured i n  " n a t u r a l "  performance u n i t s )  
-- b e n e f i t s  (measured i n  monetary u n i t s )  
-- u t i l i t y  (measured i n  a b s t r a c t  u n i t s )  
o  I n d i r e c t  measurement, use of p r o x i e s  
-- measurement of v a l u e s  
o  Risk  e s t i m a t i o n  
-- a b s o l u t e  r i s k  assessment  
-- r e l a t i v e  r i s k  assessment  
o  Common e s t i m a t i o n  i s s u e s  
-- t r e a t m e n t  of u n c e r t a i n t y  
-- t r e a t m e n t  of mul t id imens iona l  sys tem a t t r i b u t e s  
-- t r e a t m e n t  of t ime-s t reams of  a t t r i b u t e  v a l u e s  
-- fuzzy  s e t  method 
-- t r e a t m e n t  of r e s i d u a l  v a l u e s  
-- d i s t r i b u t i o n  of b e n e f i t s  and c o s t s  
-- d i s c o u n t i n g  u t i l i t y  over t ime 
I I . C . 5 .  Synthesis  and Design Techniques 
o  Q u a l i t a t i v e  
-- i n d i v i d u a l  and group c r e a t i v i t y ,  b r a i n s t o r m i n g ,  s h i f t  of 
p e r s p e c t i v e  
-- use  of e x p e r t  judgment 
-- use  of manual gaming, s c e n a r i o - w r i t i n g  
-- l e a r n i n g  p r o c e s s e s  i n  model ing 
o  Q u a n t i t a t i v e  
-- randomized a l t e r n a t i v e s  
-- s i m u l a t i o n  
-- use of feedback 
-- morphological  a n a l y s i s  
o  F e a s i b i l i t y  a n a l y s i s  
-- c o n s t r a i n t s ,  s o c i a l ,  l e g a l ,  e t c .  
-- c o s t  of c o n s t r a i n t  removal 
I I .C .6 .  Optimization Techniques 
o  Computat ional  
-- mathemat ica l  programming 
-- op t ima l  c o n t r o l  t h e o r y  
-- c o m b i n a t o r i a l  t echn iques  
-- s e q u e n t i a l  d e c i s i o n :  dynamic programming 
o  Exper imen ta l  
-- t r i a l  and e r r o r  
-- pseudo, s i m u l a t i o n ,  au tomat i c  and man-machine i n t e r a c t i o n  
II.C.7. Experimental Techniques 
o  Exper imenta l  d e s i g n  
o  La rge - sca le  ( s o c i a l )  experilfiefits 
o  Pseudo-exper imenta t ion ( i . e . ,  e x p e r i m e n t a t i o n  i n  a  s imula-  
t i o n  model i n s t e a d  of i n  t h e  r e a l  world)  
II.C.8. Plcmning and Management Techniques 
o  A l l o c a t i o n  of  e f f o r t  t o  a n a l y s i s ;  c o s t s  and b e n e f i t s  of 
formal  a n a l y s i s  
o  Program- and event-or i e n t e d  
o  S t a t e ,  r e g i o n a l ,  l o c a l  
o  S e c t o r i a l  and i n d u s t r i a l  
o  Human r e s o u r c e s  and manpower 
o  For accep tance  and implementat ion of proposed s o l u t i o n s  
o  E v a l u a t i o n  
II.C.9. Implementation Techniques 
o  Program s p e c i f i c a t i o n  ( i n  d e t a i l  f o r  implementat ion)  
-- p r o g r a m e d  s e l e c t i o n  of r o u t i n e  and r e p e t i t i v e  t a s k s  
-- d e s i g n  of group and i n d i v i d u a l  i n c e n t i v e s  
-- d e s i g n  and s e l e c t i o n  of  p o l i c y  l e v e r s  
-- schedu l ing  
-- o r g a n i z a t i o n  a n a l y s i s  and development 
-- p a r t i a l  and complete documentat ion 
o  Program i n t r o d u c t i o n  
-- conv inc ing  t h e  o p e r a t i o n a l  l e v e l s  
-- t r a i n i n g  p rocedures  and programs 
-- management p rocedures  and programs 
o  Program moni to r ing  and r e v i s i o n  
-- sampl ing,  measur ing,  and t e s t i n g  
-- i n fo rma t ion  feedback and program m o d i f i c a t i o n  
-- computer suppor t  
-- v a l i d a t i o n  
111. AREAS OF APPLICATION OF SYSTEMS ANALYSIS 
Systems a n a l y s i s  i s  c h a r a c t e r i z e d  by t h e  g r e a t  v a r i e t y  o f  d i f f e r e n t  
a r e a s  i n  which i t  can be  a p p l i e d ,  and t h e  complex i n t e r r e l a t e d n e s s  of many 
of t h o s e  a r e a s .  I n  view o f  t h e s e  f e a t u r e s ,  a p p l i c a t i o n s  of sys t ems  a n a l y s i s  
may be  d i v i d e d  i n t o  t h r e e  groups:  
o  A p p l i c a t i o n  t o  sys tems d i s t i n c t l y  s p e c i a l i z e d  by t h e  c h a r a c t e r -  
i s t i c s  of t h e  sys t em o r  by t h e  o b j e c t s  w i t h i n  t h e  sys t em ( e . g . ,  
wa te r  r e s o u r c e s ,  i n d u s t r i a l  p r o d u c t i o n ,  i n d u s t r i a l  t r a d e ,  o r  
h e a l t h  c a r e )  
o  I n t e g r a t e d  a p p l i c a t i o n s ,  which i n c l u d e  some o r  a l l  of t h e  
above a p p l i c a t i o n s  ( e .g . ,  energy-environment- indust ry  o r  a g r i -  
cu l tu re - food-popu la t ion )  
o  A p p l i c a t i o n s  l i n k e d  f u n c t i o n a l l y  ( e .g . ,  d i s t r i b u t i o n  sys t ems ,  
a l l o c a t i o n  sys tems)  
The l i n e s  of demarca t ion  between t h e s e  t h r e e  t y p e s  of a p p l i c a t i o n  a r e  
by no means c l e a r - c u t .  How one c a t e g o r i z e s  a  p a r t i c u l a r  a p p l i c a t i o n  depends  
l a r g e l y  on t h e  p o i n t  of view and t h e  pu rpose  f o r  which t h e  a p p l i c a t i o n  i s  
b e i n g  c o n s i d e r e d .  Assignment t o  a  p a r t i c u l a r  c a t e g o r y  i s  t h u s  n o t  n e c e s s a r i l y  
unique .  I n  s p i t e  of t h i s  ambigu i ty ,  t h i s  s e c t i o n  on a p p l i c a t i o n s  has  been 
d i v i d e d  i n t o :  
S p e c i a l i z e d  Systems 
Environmenta l ,  s o c i e t a l ,  i n d u s t r i a l ,  economic, e t c .  
In tegra ted  Systems 
Agr icu l tu re - food-popu la t ion ,  t e r r i t o r i a l - i n d u s t r i a l ,  e t c .  
Funct ional  Systems 
U i s t r i b u t i o n ,  supp ly ,  r e g u l a t i o n .  
As e l s ewhere  i n  t h e  o u t l i n e ,  b u t  even w i t h  more emphasis  h e r e ,  t h e  l i s t  
of s u b t o p i c s  i s  n o t  e x h a u s t i v e .  I n  f a c t ,  i t  cannot  b e ,  f o r  sys t ems  a n a l y s i s  
i s  b e i n g  i n c r e a s i n g l y  a p p l i e d  t o  more a r e a s  of human concern .  
111.1.  Specialized Systems 
o  Resources  and environment 
-- minera l  r e s o u r c e s ,  i n c l u d i n g  energy r e s o u r c e s  
-- water  r e s o u r c e s ,  i n c l u d i n g  energy u s e s  
-- c l i m a t e  
-- environment 
-- ecology 
-- a g r i c u l t u r e ,  i n c l u d i n g  f o r e s t r y  and animal  husbandry 
o  Human and s o c i e t a l  
-- p o p u l a t i o n  
-- urban and r e g i o n a l  p  l ann ing ,  development ,  and management 
-- housing 
-- e d u c a t i o n  
-- h e a l t h  s e r v i c e s :  p l ann ing ,  o r g a n i z a t i o n ,  management of 
h e a l t h  c a r e  
-- s o c i a l  and w e l f a r e  s e r v i c e s  
-- manpower t r a i n i n g  and placement 
-- emergency a i d  
-- c r i m i n a l  j u s t i c e  
o  Economic 
-- i n t e r n a t i o n a l  t r a d e  and economics 
-- n a t i o n a l  economic p l ann ing ,  development ,  and management 
-- s e c t o r i a l  and i n d u s t r i a l  p l a n n i n g  
o  I n d u s t r i a l  
-- r e s e a r c h  and development ( i n c l u d i n g  new t e c h n o l o g i e s )  
-- p lann ing  and management 
-- produc t ion  and d i s t r i b u t i o n  
-- energy s e c t o r  
-- pe t rochemica l s  
-- e l e c t r o n i c s  
-- t r a n s p o r t a t i o n  v e h i c l e  c o n s t r u c t i o n  ( e - g . ,  automobi le ,  
a i r c r a f t )  
-- food d i s t r i b u t i o n  
-- t e x t i l e s  and c l o t h i n g  
-- n u c l e a r  energy 
o  B i o l o g i c a l  
-- e lemen ta ry  b i o l o g i c a l  sys tems 
-- human b io logy  and psychology 
-- b i o n i c s :  modeling of human and o t h e r  b i o l o g i c a l  f u n c t i o n s  
-- a r t i f i c i a l  i n t e l l i g e n c e :  modeling of p s y c h o l o g i c a l  func-  
t i ons  
o  In fo rma t ion  and computers 
-- t e l e c o m u n i c a t i o n s  and computer networks 
-- i n fo rma t ion  s t o r a g e  and r e t r i e v a l  
-- computer hardware and so f tware  d e s i g n  and cho ice  
-- management in fo rma t ion  
III. 2. Integrnted Syst izms 
o Agriculture-food-population 
o Energy-environment-industry 
o Indus try-environment-health care 
o Territorial-industrial complexes 
o Global and regional 






I V .  REFERENCE MATERIALS 
The i n t e r n a t i o n a l  exchange of i n f o r m a t i o n  on sys t ems  a n a l y s i s  can  be 
f a c i l i t a t e d  by t h e  p r o v i s i o n  of i n f o r m a t i o n  abou t  t h e  "system" th rough  which 
sys tems a n a l y s i s  i t s e l f  i s  conducted  and about  t h e  s p e c i a l i z e d  language of 
sys tems a n a l y s i s .  T h i s  has  l e t  t o  i n c l u s i o n  i n  t h e  o u t l i n e  of t h r e e  sub- 
s e c t i o n s :  g l o s s a r i e s ,  b i b l i o g r a p h i e s ,  and d i r e c t o r i e s .  
I V .  1. GZossczries 
D e f i n i t i o n s  of key terms used i n  v a r i o u s  a r e a s  of sys tems a n a l y s i s ,  
p o s s i b l y  a l s o  i n  languages  o t h e r  t h a n  E n g l i s h .  
I V .  2 .  BibZiographies 
Indexed l i s t i n g s  of i n t e r n a t i o n a l  p u b l i c a t i o n s  i n  v a r i o u s  sys tems of 
sys tems a n a l y s i s .  
I V .  3 .  Directories 
Indexed l i s t i n g s  of i n d i v i d u a l s  and o r g a n i z a t i o n s  a c t i v e  i n  v a r i o u s  
a r e a s  of sys tems a n a l y s i s ,  i n c l u d i n g  those  o f f e r i n g  t r a i n i n g  pro-  
grams f o r  sys tems a n a l y s t s  and dec i s ionmaker s .  
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GUIDELINES FOR ACCEPTABILITY OF SERIES MANUSCRIPTS 
It i s  d i f f i c u l t  t o  s p e l l  out  gu ide l ines  f o r  a c c e p t a b i l i t y  of manus- 
c r i p t s  with complete o b j e c t i v i t y ;  t h e  d e c i s i o n  i s  l a r g e l y  a  matter  of sub- 
j e c t i v e  judgment by our var ious  reviewers .  Cer ta in ly  a  manuscript must 
d e a l  with systems a n a l y s i s ,  and t h e  o u t l i n e  i s  a  f a i r l y  competent guide, 
although i t  cannot spec i fy  p r e c i s e l y  what a  monograph must include t o  be 
w i t h i n  t h e  domain of systems a n a l y s i s  -- t h a t  may depend on t h e  way a  top- 
i c  i s  t r e a t e d  a s  wel l  a s  on the  t o p i c  i t s e l f .  Some monographs may t r e a t  
t o p i c s  t h a t  a r e  of g r e a t e r  i n t e r e s t  t o  our i n t e r n a t i o n a l  audience than 
o t h e r s .  A presen ta t ion  t h a t  i s  i s o l a t e d  n a t i o n a l l y  or one t h a t  covers 
an aspec t  of systems a n a l y s i s  t h a t  i s  l i t t l e  used or i s  separated from 
t h e  mainstream of systems-analytic a c t i v i t y  w i l l  be l e s s  d e s i r a b l e .  A t  
t h e  same time, t o p i c s  t h a t  do no t  appear i n  t h e  o u t l i n e  may be acceptable  
i f  they a r e  s u f f i c i e n t l y  r e l a t e d  t o  systems a n a l y s i s .  Needs and p r i o r i -  
t i e s  of t h e  systems a n a l y s i s  communities i n  IIASA's var ious  National  Mem- 
ber Organizat ions a r e  a l s o  mat te r s  of concern and, again,  mat te r s  of sub- 
j e c t i v e  judgment. 
I n  t h i s  s e c t i o n  of t h e  r e p o r t  we at tempt t o  provide some guidance f o r  
t h e  a c c e p t a b i l i t y  of S e r i e s  manuscripts,  both a s  a  f u r t h e r  c l a r i f i c a t i o n  
of systems a n a l y s i s  and a s  an i n d i c a t i o n  of f e a t u r e s  f o r  an author  t o  con- 
s i d e r  when proposing a  monograph f o r  t h e  Ser ies .  Ult imately,  of course, 
acceptance of a  manuscript depends on the judgment of the  reviewers:  in- 
i t i a l l y  t h a t  of t h e  persons who eva lua te  t h e  prospectus and f i n a l l y  t h a t  
of t h e  r e f e r e e s  who provide technica l  reviews of t h e  completed manuscript.  
EMPHASIS ON SYSTEMS ANALYSIS 
The al l - important  c r i t e r i o n  f o r  inc lus ion  i n  t h e  S e r i e s  i s  t h a t  t h e  
proposed volume be concerned with systems ana lys i s .  Systems a n a l y s i s  was 
charac te r ized  broadly i n  the  In t roduc t ion  and t h e  d e t a i l  i n  t h e  o u t l i n e ;  
* 
t h i s  s e c t i o n  at tempts  a  f u r t h e r  c l a r i f i c a t i o n .  
There a r e  i n  many na t ions  t r a d i t i o n s  of a n a l y s i s  a s  an a id  t o  dec i s ion-  
rcakers but these  t r a d i t i o n s  a r e  by no means i d e n t i c a l .  The s t a g e s  of devel-  
* 
The d i scuss ion  of systems a n a l y s i s  t h a t  fol lows on pp. 27-30 i s  based 
on m a t e r i a l  presented by Roger E. Levien, Director ,  a t  The IIASA Conference 
held i n  Vienna, May 10-13, 1976. 
opment d i f f e r  widely i n  d i f f e r e n t  c o u n t r i e s ,  a s  does procedure and pur- 
pose. In  some p laces  the  a c t i v i t y  i s  s t i l l  a  f i e l d  of academic research ,  
i n  o t h e r s  i t  i s  a  working t o o l  f o r  opera t ing  agencies;  i n  some s e t t i n g s  
t h e  emphasis i s  on the s tudy of complex systems or i s s u e s  t o  gain under- 
s tanding;  i n  o t h e r s  the emphasis i s  on providing d i r e c t  a s s i s t a n c e  to  de- 
cisionmakers. Differences e x i s t  w i t h i n  count r ies  too, p a r t i c u l a r l y  with 
respec t  t o  skept icism about the  v a l i d i t y  and p o t e n t i a l  b e n e f i t s .  And t h e r e  
a r e  d i f f e r e n c e s  with respec t  t o  t h e  name. At many p laces ,  including IIASA, 
i t  i s  "systems analysis";  elsewhere it i s  "pol icy ana lys i s , "  "operat ions 
research ,"  "cybernet ics ,"  " q u a l i t a t i v e  planning,"  or poss ib ly  something 
e l s e .  
Moreover, t h e r e  i s  no s i n g l e  paradigm o r  model t h a t  t h i s  a c t i v i t y  we 
c a l l  systems ana lys i s  can follow. Ins tead ,  there  a r e  a  number of d i s t i n c t  
p a t t e r n s ,  adapted t o  the  circumstances surrounding the  i s s u e  or  system be- 
ing  inves t iga ted  and t h e  d e c i s i o n  t h a t  the  a n a l y s i s  seeks t o  help.  
A common type of systems a n a l y s i s  i s  i l l u s t r a t e d  by the f i r s t  study 
undertaken by the Ecology P r o j e c t  a t  IIASA. The problem was t o  des ign  and 
eva lua te  a l t e r n a t i v e  p o l i c i e s  f o r  the  c o n t r o l  of the spruce budworm -- a  
d e s t r u c t i v e  pes t  i n  f o r e s t s  i n  nor thern  l a t i t u d e s ,  p a r t i c u l a r l y  i n  New 
Brunswick, Canada. These p o l i c i e s ,  t o  be implemented by the  government, 
logging e n t e r p r i s e s ,  and landowners, involved d e c i s i o n s  about t r e e  p lan t -  
ing ,  c u t t i n g ,  and spraying.  A change i n  po l icy  r e s u l t s  i n  a  new p a t t e r n  
of i n f e s t a t i o n ,  t r e e  growth, and harves t ing  t h a t  t r a n s l a t e s  i n t o  economic 
c o s t s  and b e n e f i t s  fo r  ind iv idua ls ,  e n t e r p r i s e s ,  and t h e  government. There 
w i l l  a l s o  be changes i n  the  s o c i a l  and r e c r e a t i o n a l  b e n e f i t s  fo r  ind iv idua ls  
l e s s  d i r e c t l y  involved. Once p o l i c i e s  had been designed,  t h e  problem became: 
Which po l icy  should t h e  decisionmaker s e l e c t  t o  achieve t h e  most d e s i i a b l e  
consequences? The decisionmaker would o r d i n a r i l y  r e l y  upon h i s  t ra ined  in-  
t u i t i o n  and t h e  lessons of previous experience t o  decide upon a  po l icy  t o  
follow. But there  a r e  severe l i m i t a t i o n s  t o  t r i a l  and e r r o r  or i n t u i t i o n  
when systems have complex i n t e r a c t i o n s  over long d i s t a n c e s  i n  space and time. 
The systems ana lys t  i s  ab le  t o  provide usefu l  help i n  t h i s  ins tance  be- 
cause e c o l o g i s t s  and b i o l o g i s t s  a r e  s u f f i c i e n t l y  knowledgeable about the  
spruce f o r e s t  and the budworm t o  he ab le  t o  p r e d i c t  t h e i r  responses under 
most l i k e l y  condi t ions .  This  s c i e n t i f i c  knowledge can be used by t h e  sys- 
tems ana lys t  t o  c r e a t e  a  mathematical and computer model t h a t  s a t i s f a c t o r i l y  
s imulates  the  behavior of t h e  f o r e s t  and t h e  budworm under a  very broad range 
of c i r c u m s t a n c e s .  T h i s ,  t hen ,  opens t h e  p o s s i b i l i t y  of t e s t i n g  p o s s i b l e  
p o l i c i e s  i n  t h e  model, r a t h e r  t h a n  i n  t h e  r e a l  worM, e s p e c i a l l y  s i n c e  
t h e  model can  t r a c e  t h e  f o r e s t ' s  e v o l u t i o n  over 150 y e a r s  i n  l e s s  t h a n  
150 minu te s .  
Assuming t h e  dec i s ionmaker s  c a n  i d e n t i f y  " t h e  most d e s i r a b l e  con- 
s equences f '  (and i f  n o t ,  sys tems a n a l y s i s  can  h e l p  h e r e  a l s o ) ,  t h e  model, 
w i t h  t h e  h e l p  of v a r i o u s  ma thema t i ca l  t e c h n i q u e s ,  can  be used t o  f i n d  t h e  
b e s t  p o l i c y  t o  ach ieve  t h e  s p e c i f i e d  g o a l .  
Other  problems, however, i n v o l v e  a  d i f f e r e n t  s o r t  of sys tems ana- 
l y s i s  -- f o r  i n s t a n c e ,  t h e  Global  Energy Program a t  IIASA. Here s o c i o l o g i -  
c a l  e l emen t s  a r e  i nvo lved ,  i n d i v i d u a l s  and groups  of p r o p l e  whose behav io r  
i s  by no means w e l l  unders tood by s c i e n c e .  Systems w i t h  t h e s e  e l emen t s  
canno t  be a d e q u a t e l y  modeled a s  a  whole and p o l i c i e s  i n v o l v i n g  them cannot  
b e  examined i n  one comprehensive computer model. The dec i s ionmaker s  a r e  a  
v e r y  l a r g e  number of independent  pol icymakers  i n  i n d u s t r y ,  v a r i o u s  govern- 
ments ,  and e l sewhere  whose i n t e r e s t s  by no means c o i n c i d e .  
Systems a n a l y s i s  h e r e  becomes an  o v e r l a p p i n g ,  i n t e r l i n k e d  s e r i e s  of 
i n v e s t i g a t i o n s  of such  q u e s t i o n s  a s  t h e  e v o l v i n g  p a t t e r n  of demand, t h e  
a v a i l a b i l i t y  of r e s o u r c e s ,  t h e  f e a s i b i l i t y  o f  v a r i o u s  t e c h n o l o g i e s ,  and 
t h e  e x i s t e n c e  of c o n s t r a i n t s .  And i n s t e a d  of a  q u a n t i t a t i v e  e v a l u a t i o n  
of a l t e r n a t i v e  p o l i c i e s ,  t h e r e  i s  t h e  i d e n t i f i c a t i o n  of a  r ange  of s t r a -  
t e g i e s  r e s p o n s i v e  t o  d i f f e r e n t  p o s s i b l e  n a t i o n a l  and i n t e r n a t i o n a l  g o a l s .  
Here,  a s  i n  many a n a l y s e s ,  t h e  d e s i r e d  r e s u l t  of a n a l y s i s  i s  s y n t h e s i s  -- 
t h e  d e s i g n  of a l t e r n a t i v e s  t h a t  s a t i s f y  s p e c i f i e d  demands by s e l e c t i n g  
from among v a r i o u s  o p t i o n s  t h a t  s a t i s f y  t h e  c o n s t r a i n t s  and b e s t  s e r v e  
g i v e n  g o a l s .  The sys tems a n a l y s t ' s  hope must be  t h a t ,  armed w i t h  t h i s  
knowledge, t h e  dec i s ionmaker s  w i l l  choose  p o l i c i e s  t h a t  a r e  b e t t e r  n o t  
o n l y  from t h e  s t a n d p o i n t  of t h e i r  own n a t i o n s ,  b u t  f o r  t h e  g lobe  a s  w e l l .  
A  t h i r d  t y p e  of sys tems a n a l y s i s  might  be i l l u s t r a t e d  by t h e  a t t e m p t  
t o  h e l p  dec i s ionmaker s  concerned w i t h  r e g i o n a l  development s e l e c t  e f f e c t i v e  
p l ann ing ,  manage r i a l ,  and o r g a n i z a t i o n a l  p o l i c i e s .  Here, a l t h o u g h  t h e  con- 
d u c t  of r e g i o n a l  development i n v o l v e s  complex sys tems t h a t  d e f y  r e a l i s t i c  
modeling on computers ,  numerous r e g i o n a l  development  a c t i v i t i e ;  a r e  a c t u a l l y  
o c c u r r i n g  a t  d i f f e r e n t  l o c a t i o n s .  That  means t h a t  t h e  sys tems a n a l y s t  may 
b e  a b l e  t o  l e a r n  abou t  t h e  p o t e n t i a l  consequences  of d i f f e r e n t  p o l i c i e s  by 
examining " n a t u r a l  exper iments"  under way around t h e  world . The t e s t i n g  of 
a l t e r n a t i v e  p o l i c i e s  i n  a  model s i m u l a t i n g  r e a l i t y  i s  t h u s  r e p l a c e d  by ex- 
amina t ion  of r e a l i t y  i t s e l f .  
These t h r e e  t y p e s  of sys tems a n a l y s i s  do n o t  exhaus t  a l l  t h e  p o s s i b i l -  
i t i e s ,  b u t  t hey  do i l l u s t r a t e  some of t h e  v a r i e t y  t h a t  e x i s t s .  A l l ,  how- 
e v e r ,  s h a r e  c e r t a i n  common f e a t u r e s :  
o  The purpose  i s  t o  p rov ide  a i d  t o  dec i s ionmaker s  i n  making 
d e c i s i o n s  abou t  complex i s s u e s  o r  sys tems.  
o  The a n a l y s t  s e e k s ,  t o  t h e  e x t e n t  p o s s i b l e ,  t o  s e p a r a t e  t h e  
d e t e r m i n a t i o n  of f a c t u a l ,  o b j e c t i v e  i n f o r m a t i o n  from t h e  mak- 
i n g  of v a l u e  judgments -- which i s  t h e  r o l e  of t h e  d e c i s i o n -  
maker. 
o  The sys tems a n a l y s t  b r i n g s  a  broad v iewpo in t  t h a t  c u t s  a c r o s s  
t h e  conven t iona l  d i s c i p l i n a r y  o r  o r g a n i z a t i o n a l  d i v i s i o n  t o  
e s t a b l i s h  boundar i e s  of i n v e s t i g a t i o n  a p p r o p r i a t e  t o  t h e  prob- 
lem. T h i s  means, i n  t u r n ,  t h a t  t h e  a n a l y s i s  must r e l y  upon and 
draw t o g e t h e r  t h e  knowledge and approaches  of many d i s t i n c t  d i s -  
c i p l i n e s .  
One of t h e  c h a r a c t e r i s t i c s  of modern s c i e n c e  t h a t  has  u n d e r l a i n  t h e  
development of sys tems a n a l y s i s  has  been t h e  development of q u a n t i t a t i v e  
and computat ional  t o o l s  t o  d e a l  w i t h  complexi ty  and u n c e r t a i n t y .  Many, 
b u t  n o t  a l l ,  sys tems a n a l y s e s  employ t h e  computer o r  s o p h i s t i c a t e d  mathe- 
m a t i c s  t o  o r g a n i z e  and t r a c e  t h e  consequences of complex sys tem i n t e r a c -  
t i o n s ,  t o  account  f o r  u n c e r t a i n t y ,  o r  t o  s e a r c h  f o r  op t ima l  p o l i c i e s .  
But d e s p i t e  i t s  r e l i a n c e  on t h e  f i n d i n g s  of s c i e n c e  and t h e  p r e c i s e  t o o l s  
of mathemat ics  and computat ion,  sys tems a n a l y s i s  remains ,  l i k e  s c i e n c e ,  
an i n h e r e n t l y  human e n t e r p r i s e  c a l l i n g  f o r  i n d i v i d u a l  judgment, s k i l l ,  
and c r e a t i v i t y .  L ike  s c i e n c e  -- i t  i s  an a r t .  
Although t h e  aim of systems a n a l y s i s ,  a t  l e a s t  u l t i m a t e l y ,  i s  t o  as-  
s i s t  decis ionmaking,  t h a t  a s s i s t a n c e  does  n o t  have t o  be d i r e c t .  It may, 
i n  f a c t ,  be  no more d i r e c t  t han  r e s e a r c h  t o  p rov ide  i n s i g h t  i n t o  a  prob- 
lem o r  i s s u e  abou t  which someone must make a  d e c i s i o n  l a t e r  o r  i t  may 
even be r e s e a r c h  on methods t o  i n v e s t i g a t e  such a  problem o r  i s s u e .  There  
must be a  l i n e  drawn somewhere, however, s i n c e  n o t  a l l  a p p l i e d  mathemat ics  
o r  economics o r  eve ry  s t u d y  of ecology should be  cons ide red  sys tems a n a l y s i s  
Even though it may be p o s s i b l e  t o  i d e n t i f y  an a p p l i c a t i o n  a r e a  f o r  a  p a r t i c -  
u l a r  t h e o r e t i c a l  a n a l y s i s ,  t h a t  does  n o t  make i t  an a p p l i c a t i o n  i n  t h e  s e n s e  
of implementat ion i n  t h e  r e a l  world.  
PRIORITIES AND NEEDS 
With r e s p e c t  t o  t h e  p r i o r i t i e s  and needs of t h e  i n t e r n a t i o n a l  systems 
a n a l y s i s  communities f o r  volumes on v a r i o u s  t o p i c s ,  we have ve ry  l i t t l e  in-  
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format ion.  What l i t t l e  d a t a  we have come l a r g e l y  from a  q u e s t i o n n a i r e  c i r -  
c u l a t e d  by t h e  Survey P r o j e c t  i n  1975 t o  a n a l y s t s  and managers i n  IIASA's 
member c o u n t r i e s .  Unfor tunately ,  n o t  a l l  of t h e  respondents  supp l ied  i n f o r -  
mation s p e c i f i c a l l y  addressed t o  t h e s e  p o i n t s  and, of those  t h a t  d i d ,  t h e r e  
were a lmost  a s  many opinions a s  respondents .  
Never the less ,  from t h e  comments and c r i t i c i s m  we rece ived ,  t h r e e  a r e a s  
of g r e a t e s t  i n t e r e s t  emerged: 
o  The a n a l y s i s  of a n a l y s i s ,  i . e . ,  ep i s t emolog ica l  and sociolog-  
i c a l  s t u d i e s  of a n a l y t i c  a c t i v i t y ;  techniques  of argumentation; 
c o n t r o l  of t h e  q u a l i t y  of a n a l y t i c  r e s u l t s ;  i n s t i t u t i o n a l  fac-  
t o r s  t h a t  hinder  o r  f a c i l i t a t e  t h e  use  of a n a l y s i s .  
o  In-depth case  s t u d i e s ,  p resen ted  i n  a  way t h a t  provides  metho- 
d o l o g i c a l  i n s i g h t s ,  p a r t i c u l a r l y  new ones ,  bu t  w r i t t e n  i n  a  more 
o r  l e s s  s tandard format .  
o  Po l i cy  s t u d i e s  i n  a r e a s  of c u r r e n t  i n t e r n a t i o n a l  i n t e r e s t ,  e . g . ,  
i n  energy,  h e a l t h  c a r e  systems,  urban development, t o  b r i n g  in- 
t o  focus complex problem s i t u a t i o n s ,  r e v e a l  c o n s t r a i n t s ,  sugges t  
p o s s i b l e  l i n e s  of a t t a c k ,  and p rov ide  e s s e n t i a l  d a t a  and informa- 
t i o n .  
There were a l s o  a  number of genera l  sugges t ions  wi th  r e s p e c t  t o  t h e  
S e r i e s  : 
o  Inc lude  t h e  s o c i a l ,  p o l i t i c a l ,  o r g a n i z a t i o n a l ,  and i n s t i t u -  
t i o n a l  a s p e c t s  of systems a n a l y s i s .  
o  Avoid emphasis on p a r t i c u l a r  techniques .  I d e n t i f i c a t i o n  of 
systems a n a l y s i s  w i t h  d e c i s i o n  theory was mentioned s e v e r a l  t imes 
a s  something t o  avoid. 
o  Develop monographs t h a t  tend t o  p r e s e n t  a  more a r t i c u l a t e d  
and b e t t e r  t h e o r e t i c a l  b a s i s  f o r  systems a n a l y s i s .  
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For an a n a l y s i s  of t h e  responses see  IIASA RR-76-17, The S t a t e - o f - t h e -  
A r t  Q u e s t i o n n a i r e  o n  App l i ed  Sys t ems  A n a l y s i s :  A  Repor t  a t h e  R e s p a s e s .  
o  Deemphasize t h e  c h r o n o l o g i c a l  h i s t o r y  and development of sys -  
tems a n a l y s i s .  
Topics  suggested by t h e  r e sponden t s  and o t h e r s  who saw our  o u t l i n e  a r e  
l i s t e d  below, w i t h  b r i e f  comments on p o s s i b l e  t r e a t m e n t .  
A  H i s t o r i c a l  Treatment  o f  t h e  Development of One o r  More Aspects  of 
Systems Ana lys i s  
Even though most a n a l y s t s  seem t o  f e e l  t h a t  t h e  s e c t i o n  of the  o u t l i n e  
e n t i t l e d  "His tory  of  Systems Analys is ' '  should  be  t r e a t e d  very  b r i e f l y ,  i f  a t  
a l l ,  and t h a t  f i n d i n g  p r e c u r s o r s  i s  a  h i g h l y  c o n t r o v e r s i a l  m a t t e r ,  i t  i s  n o t  
complete ly  r u l e d  o u t .  For i n s t a n c e ,  t h e  s tudy  of t h e  development of sys tems 
a n a l y s i s  can be used a s  a  good example of  t h e  p r a c t i c a l  r e l e v a n c e  of g e n e r a l  
me thodo log ica l  ~ r i n c i p l e s .  For t h i s  purpose ,  one m i g h t . t a k e  a  g e n e t i c  ap- 
p roach  ( r a t h e r  t h a n  a  ch rono log ica l  approach,  which s o  many a n a l y s t s  look 
upon w i t h  d i s f a v o r ) .  The d i f f e r e n c e  of emphasis i s  expres sed  c l e a r l y  by 
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O t t o  T o e p l i t z  i n  t h e  preEace to  h i s  The CaZcuZus: A Genetic Approitch: 
The h i s t o r i a n  . . . must r eco rd  a l l  t h a t  has  been, whether good o r  bad.  
I, on t h e  c o n t r a r y ,  want t o  s e l e c t  and u t i l i z e  from mathemat ica l  
h i s t o r y  on ly  t h e  o r i g i n s  of  t h o s e  i d e a s  which came t o  p rove  t h e i r  
v a l u e  ... . I t  i s  n o t  h i s t o r y  f o r  i t s  own sake  i n  which I am in-  
t e r e s t e d ,  bu t  t h e  genes i s ,  a t  i t s  c a r d i n a l  p o i n t s ,  of problems, 
f a c t s ,  and p r o o f s .  
Appl ied  t o  sys tems a n a l y s i s ,  t h i s  approach would focus  on s i t u a t i o n s  whose 
n o v e l t y  r e q u i r e d  t h e  development of new a n a l y t i c  concep t s ,  t echn iques ,  and 
methods. (Examples: t h e  impact of new technology on m i l i t a r y  problems 
d u r i n g  and a f t e r  World War 11; t h e  development of na t ionwide  e l e c t r i c a l ,  
r a d i o ,  and t e l e v i s i o n  networks;  automat ion;  l a r g e - s c a l e  a l l o c a t i o n  prob- 
lems i n  t h e  s o c i a l  f i e l d ,  e t c . ) .  
H i s t o r y  a s  a  Guide t o  Decisionmaking 
An i n v e s t i g a t i o n  i s  needed a s  t o  whether t h e  use  of h i s t o r y  a s  a  guide  
c o n s t r a i n s  c h o i c e  among c u r r e n t  o p t i o n s  f o r  d e a l i n g  w i t h  p a r a l l e l  problems,  
how h i s t o r y  should  be used a s  a  gu ide ,  and whether h i s t o r i c a l  knowledge can 
be b rough t  t o  bea r  i n  choosing p o l i c y  a l t e r n a t i v e s  o r  i n  improving t h e  q u a l i -  
t y  of t h e  cho ice .  
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0 .  T o e p l i t z ,  The ~u'~ZC~ALIAS: A G g r z s t i c  A ~ P P O L I C / ~ ,  t r a n s .  by Lu i se  Lange, 
The U n i v e r s i t y  of Chicago P r e s s ,  1963 ,  p.  v .  
E t h i c a l  Problems i n  Systems Ana lys i s  
I n t e r v e n t i o n  i n t o  s o c i e t a l  i s s u e s ,  based on t h e  r e s u l t s  of a n a l y s i s ,  
can c r e a t e  e t h i c a l  problems f o r  t h e  a n a l y s t  and t h e  decis ionmaker .  The 
a n a l y s t  needs  t o  know how t o  d e a l  w i t h  e t h i c a l  q u e s t i o n s  involved i n  i n t e r -  
v e n t i o n ,  advocacy, a rgumen ta t ion ,  and what can be done when p e r s o n a l  g o a l s  
c o n f l i c t  w i t h  those  of h i s  c l i e n t  when h i s  c l i e n t ' s  g o a l s  a r e  n o t  i n  t h e  
p u b l i c  i n t e r e s t .  Thus,  t h e r e  i s  a  need t o  deve lop  g u i d e l i n e s  f o r  r e s o l v i n g  
e t h i c a l  dilemmas and c a s e  s t u d i e s  ( r e a l  o r  h y p o t h e t i c a l )  t h a t  pose  e t h i c a l  
q u e s t i o n s  f o r  a n a l y s t s .  There  a r e  few, i f  any,  e x i s t i n g  p u b l i c a t i o n s  s u i t -  
a b l e  f o r  g u i d l n g  s t u d e n t s  i n  how t o  d e a l  w i t h  e t h i c a l  q u e s t i o n s  a r i s i n g  i n  
t h e  a p p l i c a t i o n  of systems a n a l y s i s ,  p a r t i c u l a r l y  a p p l i c a t i o n  t o  p u b l i c  prob- 
lems. 
The Design of Regu la to ry  Systems 
A p p l i c a t i o n  of systems a n a l y s i s  i s  needed i n  t h e  d e s i g n  of r e g u l a t o r y  
sys tems,  i n  which sys tems f r e q u e n t l y  d o  n o t  accomplish  t h e  d e s i g n e r ' s  g o a l s .  
I n  choosing among a l t e r n a t i v e  r e g u l a t o r y  d e s i g n s ,  a t t e n t i o n  must be p a i d  t o  
i n f o r m a t i o n - a c q u i s i t i o n  c o s t s ;  compliance c o s t s ;  t h e  c o s t s  of avoidance,  
mon i to r ing ,  and de te rmin ing  punishments f o r  noncompliance; c a r r y i n g  o u t  
punishments ,  e t c .  Regu la t ion  systems a r e  becoming i n c r e a s i n g l y  impor t an t  
i n  a l l  s o c i e t i e s ;  hence,  systems a n a l y s i s  of how t o  do it should  be of i n -  
t e r e s t .  
Case S t u d i e s  and t h e  Uses of Ana lys i s  
Monographs a r e  needed t o  i l l u s t r a t e  what one can  l e a r n  from case  s tud-  
i e s  ( o t h e r  than  a  p o s s i b l e  way t o  approach a  v e r y  s i m i l a r  problem). Also  
needed a r e  c a s e  s t u d i e s  t o  i l l u s t r a t e  how a n a l y t i c  r e s u l t s  and/or  d e c i s i o n s  
a r e  c o n s t r a i n e d  o r  in f luenced  by o r g a n i z a t i o n a l  s t r u c t u r e ,  t e c h n o l o g i c a l  
pa ramete r s ,  l e g a l  r e s t r i c t i o n s ,  o r  t h e  background o f  t h e  a n a l y s t .  S imulated 
case  s t u d i e s  t h a t  f o r c e  t h e  s t u d e n t  t o  make a d e c i s i o n  a r e  a l s o  d e s i r a b l e .  
S o c i a l  Exper imen ta t ion  
Another a r e a  of i n t e r e s t  i s  a n a l y s i s  of how t o  o r g a n i z e  and e v a l u a t e  
v e r y  l a r g e - s c a l e  exper iments  ( f o r  i n s t a n c e ,  t o  e x p l o r e  a l t e r n a t i v e s  f o r  me- 
d i c a l  i n s u r a n c e  o r  w e l f a r e  a d m i n i s t r a t i o n ) ,  where t h e  type  of c o n t r o l s  pos- 
s i b l e  w i t h  sma l l - sca l e  exper iments  cannot  be used.  Exper iments  of t h i s  
t ype  a r e  f u l l  of p i t f a l l s  f o r  t h e  a n a l y s t  and decis ionmaker :  p u b l i c i t y ,  
p r e s s u r e  from those  excluded ( o r  i n c l u d e d ) ,  t h e  d e s i r e  t o  a c t  on t h e  b a s i s  
of p r e l i m i n a r y  r e s u l t s .  
The above l i s t  might be extended almost i n d e f i n i t e l y ,  depending on 
t o p i c s  t h a t  t h e  o u t l i n e  suggests  t o  a  percep t ive  a n a l y s t  o r  t o p i c s  t h a t  
p rospec t ive  authors  might propose t o  IIASA t h a t  a r e  missing from the out- 
l i n e  but i n  keeping with i t s  s p i r i t  and i n t e n t i o n .  
Two o ther  gu ide l ines  warrant a t t e n t i o n .  
INTERNATIONAL FLAVOR 
The i d e a l  S e r i e s  volume i s  a  monograph w r i t t e n  j o i n t l y  by au thors  from 
both E a s t  and West. I f  t h i s  i s  no t  p o s s i b l e ,  an i n t e r n a t i o n a l  charac te r  of 
* 
some s o r t  i s  d e s i r a b l e ,  even i f  i t  i s  no more than a  p r o j e c t i o n  as  t o  how 
a  problem might be handled i n  d i f f e r e n t  count r ies  or  a  s e l e c t i o n  of compara- 
t i v e  examples from d i f f e r e n t  count r ies .  
INTEGRATION, NOT ISOLATION 
The s t r u c t u r e  of the  o u t l i n e  has given some respondents t o  t h e  ques- 
t i o n n a i r e  the  impression t h a t  t h e  t o p i c s  l i s t e d  t h e r e i n  can be examined i n  
i s o l a t i o n .  This  i s  not and cannot be the  case,  and t o  at tempt t o  do s o  i s  
con t ra ry  t o  t h e  n a t u r e  of systems a n a l y s i s .  
The f i e l d  of i n t e r e s t  of appl ied systems a n a l y s i s  i s  widespread and 
heterogeneous. There a r e  many d i f f e r e n t  a p p l i c a t i o n s  and many kinds and 
l e v e l s  of a n a l y s i s .  Monographs i n  t h e  S e r i e s  can d e a l  wi th  a  s i n g l e  t o p i c  
o r  with many top ics  and i n  various ways. One monograph might p resen t  a  f u l l  
systems s tudy wi th  a t t e n t i o n  t o  a l l  i t s  aspec t s  from d a t a  c o l l e c t i o n  t o  t h e  
o rgan iza t iona l  and p o l i t i c a l  problems presen t  i n  the implmentation process;  
another  might d e a l  wi th  a  s i n g l e  s u b j e c t ,  say, the  c o n s t r u c t i o r ~  of a  computer 
s imula t ion  t o  p r e d i c t  t h e  loca t ion  of no isecontours  a b o u t a  source. In a  case 
such as t h e  l a t t e r ,  however, i t  should be considered i n  context  r a t h e r  than 
i n  i s o l a t i o n  with examples given t o  show i t s  value i n  t h e  world of p r a c t i c a l  
a f f a i r s .  To p r e s e n t ,  f o r  ins tance ,  a  computer model designed t o  es t imate  
water q u a l i t y ,  s u f f i c i e n t  informatior .  should be provided t o  enable a  poten- 
t i a l  user t o  determine whether the  model might se rve  h i s  purposes. Systems 
a n a l y s i s  r e q u i r e s  more than computer information (language, hard ware, pro- 
gram, running time, and c o s t ) ,  a c c e s s i b i l i t y  ( l o c a t i o n ) ,  and t y p e  of out- 
pu t .  The user  needs t o  know the  con tex t ,  what i s  l e f t  out of the  model and 
why, what has been done f o r  v e r i f i c a t i o n  and v a l i d a t i o n ,  t h e  economic (op- 
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It i s  t h e  o v e r a l l  S e r i e s  tha t  requ i res  the i n t e r n a t i o n a l  balance. 
p o r t u n i t y )  cos t  of using t h i s  p a r t i c u l a r  model, i t s  l i m i t a t i o n s ,  t h e  exis-  
tence of implementation problems ( s o c i a l ,  p o l i t i c a l ,  and b u r e a u c r a t i c  re-  
s i s t a n c e ,  i f  any), and so  on. Not every t o p i c ,  however, can be presented 
a s  systems a n a l y s i s  even though it might d e a l  with s o c i a l ,  behavioral ,  o r  
o rgan iza t iona l  concerns; i t  might be too narrowly d i s c i p l i n a r y  or  be merely 
background mater ia l  too f a r  removed from a c t u a l  systems research .  
LEVEL OF PRESENTATION 
The p r a c t i t i o n e r  t o  whom t h e  S e r i e s  i s  pr imar i ly  d i r e c t e d  i s  not  a  mem- 
ber of a  narrowly defined profess iona l  group, fo r  systems a n a l y s t s  may have 
backgrounds t h a t  vary from law, p o l i t i c a l  sc ience ,  and sociology t o  econom- 
i c s ,  engineering,  and mathematics, with most coming from the l a s t  t h r e e  ca te -  
gor ies .  I t  i s  not t h e  e d i t o r s '  i n t e n t i o n  t h a t  every p r a c t i t i o n e r  i s  ab le  t o  
read and understand every volume t h a t  appears i n  t h e  S e r i e s  or every a r t i c l e  
i n  t h e  Handbook; it should be s u f f i c i e n t  t h a t  a  l a r g e  precentage of the  po- 
t e n t i a l  audience i s  ab le  t o  understand and apprec ia te  a  correspondingly l a r g e  
percentage of what i s  w r i t t e n .  
What, then,  should be assumed about the  " typ ica l"  r e a d e r ?  We have i n  
mind a  p r a c t i t i o n e r  who holds a  bacca iaurea te  degree i n  economics, mathema- 
t i c s ,  s t a t i s t i c s ,  opera t ions  research ,  or i n d u s t r i a l  engineering.  He would 
have completed co l lege  courses  on c a l c u l u s  and mat r ix  a lgebra ,  appl ied or  
mathematical s t a t i s t i c s  and p r o b a b i l i t y ,  an elementary course i n  computers 
and programming, a  course i n  the techniques of opera t ions  r e s e a r c h ,  a  course 
i n  economics, and poss ib ly  a  study of some func t iona l  o r  a p p l i c a t i o n  a rea .  
He w i l l  very l i k e l y  have had some graduate  work and some p r a c t i c a l  experience.  
In  genera l ,  authors  should keep the  s o r t  of background described above 
i n  mind i n  dec id ing  what t e c h n i c a l  terms should be defined or when the  read- 
der  should be r e f e r r e d  t o  another ( r e a d i l y  access ib le )  source for  d e f i n i t i o n  
or  e l a b o r a t i o n .  The Handbook, when completed, w i l l  conta in  a  g lossary .  
While i t  might be poss ib le  t o  achieve a  uniform l e v e l  of p r e s e n t a t i o n ,  
it i s  c e r t a i n l y  no t  d e s i r a b l e  i n  the  S e r i e s  and probably not i n  the  Handbook. 
We expect  these  publ ica t ions  to  be of i n t e r e s t  throughout the  world t o  a  d i -  
verse  c o l l e c t i o n  of people, l a r g e l y  a n a l y s t s  but  a l s o  s t u d e n t s ,  t eachers ,  
managers, and s c i e n t i s t s ,  whose f i e l d s  a r e  not  systems a n a l y s i s .  
PREPARATION OF PROSPECTUSES 
The Survey P r o j e c t  h a s  developed g u i d e l i n e s  t o  a d v i s e  a u t h o r s  who 
might  w i sh  t o  p r e p a r e  p r o s p e c t u s e s  and m a n u s c r i p t s  f o r  p u b l i c a t i o n  i n  
t h e  s t a t e - o f - t h e - a r t  S e r i e s .  P r o s p e c t u s e s  submi t t ed  f o r  c o n s i d e r a t i o n  
can be  handled  e x p e d i t i o u s l y  i f  they a r e  p r e p a r e d  i n  t h e  form d e s c r i b e d  
h e r e  . 
FORMAT 
Cover Page 
The cove r  page f o r  t h e  p r o s p e c t u s  shou ld  c o n t a i n  t h e  t i t l e  of t h e  
proposed volume, t h e  proposed a u t h o r s h i p  ( w i t h  co-authors  l i s t e d ,  i f  ap- 
p r o p r i a t e ,  o r  e d i t o r / c o m p i l e r ( s )  i f  i t  i s  t o  be  a  volume w i t h  c o n t r i b u -  
t i o n s  p repa red  by o t h e r s  under  t h e  e d i t o r / c o m p i l e r l s  s u p e r v i s i o n ) ,  and 
t h e  d a t e  of submiss ion.  
F i r s t  Page of Tex t  
The f i r s t  page  of t h e  t e x t  shou ld  r e p e a t  t h e  t i t l e  and a u t h o r s h i p  
a t  t h e  t o p  b e f o r e  t h e  t e x t  b e g i n s .  
The Tex t  
The t e x t  shou ld  b e  i n  E n g l i s h ,  typed double-spaced,  on one s i d e  o f  
t h e  page on ly .  Allow ample margins  a t  a l l  edges  ( abou t  1" o r  3 cm. i s  
d e s i r a b l e )  . 
Length  
Length  i s  a r b i t r a r y ,  depending upon t h e  t o p i c  and t h e  amount of space  
r e q u i r e d  t o  d e s c r i b e  a d e q u a t e l y  t h e  n a t u r e  of t h e  s u b j e c t .  Our e x p e r i e n c e  
h a s  been t h a t  p r o s p e c t u s e s  of 10  t o  20 pages  a r e  s u f f i c i e n t  t o  cover  most 
of t h e  i n f o r m a t i o n  needed f o r  d e c i s i o n .  
CONTENTS 
The m a t e r i a l  con ta ined  i n  t h e  p r o s p e c t u s  should  b e  p r e s e n t e d  w i t h  an 
i n t e r n a t i o n a l  aud ience  i n  mind. Reviewers  who e v a l u a t e  t h e s e  p r o s p e c t u s e s  
w i l l  b e  p r a c t i t i o n e r s  of sys tems a n a l y s i s  who a r e  f a m i l i a r  w i t h  t h e  p a r t i c -  
u l a r  t o p i c ,  b u t  a  reviewer  i n  one c o u n t r y ,  f o r  example,  may n o t  be acquainted 
w i t h  t h e  s p e c i a l i z e d  j a rgon  or acronyms of  a  p r o s p e c t u s  au thor  from an- 
o t h e r  coun t ry .  P rov ide  e x p l a n a t i o n s  where necessa ry .  
Headings 
Major, f i r s t - l e v e l  headings  should  be s e t  o f f  i n  c a p i t a l  l e t t e r s  and 
underscored t o  l a b e l  c l e a r l y  t h e  m a t e r i a l  i nc luded  under them. Any con- 
s i s t e n t  sys tem i s  a c c e p t a b l e  f o r  second- and t h i r d - l e v e l  head ings ;  t h e  
sys t em used i n  t h i s  r e p o r t  can s e r v e  a s  an example. 
Inc luded  among t h e  headings  should be t h e  fo l lowing :  
Background 
An i n d i c a t i o n  of how t h e  t o p i c  has been developed -- what has  ( o r  
has  n o t )  been done i n  t h e  f i e l d ,  a  b r i e f  h i s t o r i c a l  account  of s c i e n t i f i c  
achievements ,  f i n d i n g s  p e r t a i n i n g  t o  t h e  t o p i c ,  expe r imen t s  or r e s u l t s  of  
r e s e a r c h  i n  v a r i o u s  p a r t s  of t h e  world t o  d a t e .  
Purpose  
The t a s k  an au thor  hopes t o  accomplish  i n  producing a  volume ( f o r  
example, t o  p r e s e n t  a  concept  o r  t heo ry  and i t s  v e r i f i c a t i o n  i n  a  uni- 
f i e d  way when i t  h a s  n o t  been done be fo re ;  t o  g i v e  a  few s e l e c t e d ,  de- 
t a i l e d  examples of i t s  a p p l i c a t i o n  i n  s e v e r a l  d i f f e r e n t  c o n t e x t s ,  e t c . ) .  
Importance  of t h e  Topic 
A s t a t e m e n t  of t h e  s i g n i f i c a n c e  of t h e  t o p i c  o r  problem -- t h e  need 
f o r  t h e  volume and i t s  p o s s i b l e  use  by s c i e n t i f i c  communities.  
Audience 
The groups  of pe r sons  t h e  au thor  would addres s  -- p r a c t i t i o n e r s ,  de- 
c i s ionmaker s ,  managers,  government o f f i c i a l s ,  urban p l a n n e r s ,  a g r i c u l t u r a l  
r e s e a r c h e r s ,  e t c .  
O u t l i n e  of  Chap te r s  
It  i s  d e s i r a b l e  t o  have, i n  a d d i t i o n  t o  a  g e n e r a l  overview and d i s -  
c u s s i o n  of t h e  component c h a p t e r s ,  a  d e t a i l e d ,  s e p a r a t e  o u t l i n e  t h a t  pro- 
v i d e s  a s  much s u b d i v i s i o n  a s  n e c e s s a r y  t o  c l a r i f y  s p e c i f i c a l l y  what t h e  
i n d i v i d u a l  c h a p t e r s  w i l l  c o n t a i n .  I f  t h e  volume w i l l  have c o n t r i b u t e d  
c h a p t e r s  from o t h e r  a u t h o r s ,  and t h e i r  w i l l i n g n e s s  t o  c o n t r i b u t e  h a s  been 
o r  w i l l  be o b t a i n e d ,  i n d i c a t e  t h i s  t o g e t h e r  w i t h  t h e i r  names and c o u n t r i e s  
i n  p a r e n t h e s e s  i n  t h e  d e t a i l e d  o u t l i n e .  
Time Schedule  
--- 
An approximate t ime schedu le  f o r  complet ion of t h e  volume should  i n -  
c lude ,  when an e s t i m a t e  can be made, t a r g e t  d a t e s  f o r  t h e  v a r i o u s  s t a g e s  o r  
m i l e s t o n e s  i n  i t s  p r e p a r a t i o n  ( f o r  example, p robab le  d a t e  f o r  complet ion of 
d a t a  g a t h e r i n g ,  d a t a  p r o c e s s i n g ,  a n a l y s i s ;  complet ion of t h e o r e t i c a l  work; 
a p p l i c a t i o n s  o r  d e s c r i p t i o n s  of c a s e  s t u d i e s ) .  I f  a u t h o r s  have p rev ious  
commitments t h a t  w i l l  d e l a y  t h e  beg inn ing  of t h e  work o r  t h e  p r o g r e s s  of 
t h e  volume, i t  should  be  noted h e r e .  
Re fe rences  
A l i s t  of r e f e r e n c e s  used i n  t h e  p r e p a r a t i o n  of t h e  p r o s p e c t u s  should 
be a t t a c h e d ,  p r e f e r a b l y  numbered t o  correspond t o  s u p e r i o r  numbers t h a t  mark 
t h e  c i t a t i o n s  i n  t h e  t e x t .  I n c l u d e  i n  t h e  r e f e r e n c e s  p r e v i o u s  p u b l i c a t i o n s  
r e l a t e d  t o  t h e  t o p i c  a s  w e l l  a s  documented s u r v e y s ,  r e s u l t s ,  o r  a p p l i c a t i o n s  
t h a t  p e r t a i n  -- E a s t  and West -- wherever p o s s i b l e .  Examples of t h e  p r e f e r -  
r e d  s t y l e  of l i s t i n g  r e f e r e n c e s  a r e  a s  fo l lows :  
Book 
-
Dantz ig ,  G. B., L i n e a r  P r o g r a m i n g  and  Ex tens ions ,  P r i n c e t o n  Uni- 
v e r s i t y  P r e s s ,  P r i n c e t o n ,  New J e r s e y ,  1963. 
J o u r n a l  A r t i c l e s  
-- 
Zel insky ,  W . ,  "The Hypo thes i s  of t h e  M o b i l i t y  T r a n s i t i o n  , ' I  Geo- 
g raph icaZ  Review, Vol. 46, pp.  219-249. 
I n d i c a t e ,  when l i s t i n g  a  t i t l e  i n  a  f o r e i g n  language,  t h e  language of 
t h e  t e x t ;  f o r  example, "Einf l u s s  d e s  Spin-Paramagnetismus d e r  E lek t ronen  
auf S u p r a l e i t e r  k u r z e r  f r e i e r  Wegl'ringe, " ( i n  German), Ph.D. T h e s i s ,  Uni- 
v e r s i t y  of Kar l s ruhe ,  F e d e r a l  Repub l i c  of Germany, 1967. C i t e  an  E n g l i s h  
v e r s i o n  i f  i t  is  a v a i l a b l e .  
Refer  t o  a  manual of  s t y l e  f o r  s p e c i a l  problems such a s  t r a n s l a t e d  
e d i t i o n s ,  p roceed ings ,  o r  government r e p o r t s  and documents. 
Biographical  Information 
A b r i e f  but informative one-page biography should be included f o r  each 
volume author ,  co-author, o r  ed i to r /compi le r  (chapter  c o n t r i b u t o r s  t o  an ed- 
i t o r / c o m p i l e r ' s  volume should not  be inc luded) .  Biographies should include 
s ta tements  of educa t iona l  background ( s p e c i f i c  degrees held,  u n i v e r s i t i e s ,  
and years  rece ived) ,  p a s t  and presen t  experience and a f f i l i a t i o n s ,  research  
i n t e r e s t s ,  and a  cur ren t  l i s t  of publ ica t ions .  
Appendix 
CHECKLIST: SITwlARY OF PROCEDURES I N  THE DEVELOPMENT OF A SERIES VOLW 
When t h e  p r o s p e c t u s  f o r  a  S e r i e s  volume has  been r e c e i v e d  i t  w i l l  b e  
checked by t h e  Survey P r o j e c t  e d i t o r s ,  whose main conce rn  i s  t o  e n s u r e  t h a t  
p u b l i c a t i o n s  meet a  h i g h  s t a n d a r d  of q u a l i t y  I n  g e n e r a l  and,  more s p e c i f i -  
,.ally, t h a t  they e f f e c t i v e l y  and c l e a r l y  L ommunic a t e  t o  t h e  i n t e n d r d  aud ience  
t h e  s u b s t a n c e  of t he  proposed volume. 
DISTRIBLITION TO NMO LIAISON COMMITTEES 
S e v e r a l  e x p e r t s  i n  t h e  t o p i c  under c o n s i d e r a t i o n  i n  each  of t h e  NMO 
c o u n t r i e s  w i l l  have t h e  o p p o r t u n i t y  t o  g i v e  t h e i r  o p i n i o n s  on t h e  p ros -  
p e c t u s  by f i l l i n g  i n  a  one-page e v a l u a t i o n  s h e e t  and r e t u r n i n g  i t  t o  t h e  
Survey P r o j e c t  e d i t o r s .  
COMMISSIONING THE VOLUME 
I f  t h e  e v a l u a t i o n  o f  t h e  proposed volume i s  p o s i t i v e ,  a  c o n t r a c t  w i l l  
be d r a m  up between IIASA and t h e  au tho r  ( e d i t o r / c o m p i l e r ) .  T h i s  c o n t r a c t  
f o r  p u b l i c a t i o n  i s  dependen t  upon t h e  f a v o r a b l e  r ev i ews  of t h e  r e f e r e e s  
when t h e  manusc r ip t  h a s  been completed .  
WRITING THE VOLUME 
The Survey P r o j e c t ' s  e d i t o r i a l  s t a f f  w i l l  a s s i s t  a u t h o r s  by provid-  
i n g  g u i d e l i n e s  f o r  t h e  p r e p a r a t i o n  of m a n u s c r i p t s  and i l l u s t r a t i o n s ,  
t e c h n i c a l  e d i t i n g ,  and w i l l  h e l p  i n  o t h e r  ways mentioned p r e v i o u s l y ,  e .g . ,  
by a s s i s t i n g  i n  t h e  development of d a t a  and c o n t a c t s  i n  t h e  NMO c o u n t r i e s  
and e l sewhere ,  and p o s s i b l y  p r o v i d i n g  s u p p o r t  f o r  a workshop t o  c o o r d i n a t e  
e f f o r t s  i n  t h e  c a s e  of a  volume w i t h  m u l t i p l e  a u t h o r s  from d i f f e r e n t  coun- 
t r i e s .  
TECHNICAL REVIEW 
When t h e  completed manusc r ip t  i s  r e c e i v e d  by t h e  Survey P r o j e c t ,  i t  
w i l l  b e  s u b j e c t  t o  t e c h n i c a l  r ev i ew by a t  l e a s t  two r e v i e w e r s  who a r e  ex- 
p e r t s  i n  t h e  s u b j e c t .  The Survey P r o j e c t  e d i t o r s ,  i n  c o n s u l t a t i o n  w i t h  
t h e  E d i t o r i a l  Board,  w i l l  examine t h e  manusc r ip t  i n  t he  l i g h t  of t h e  r e -  
v i e w e r s '  comments and d e c i d e  whether o r  n o t  i t  should  be  inc luded  a s  a  volume 
i n  t h e  S e r i e s .  I f  t h e  d e c i s i o n  i s  p o s i t i v e ,  t h e  manusc r ip t ,  t o g e t h e r  w i t h  t h e  
* 
comments of t h e  r e v i e w e r s ,  w i l l  be r e t u r n e d  t o  t h e  au tho r  f o r  any n e c e s s a r y  
r e v i s i o n s .  
REVISION AND EDITING 
A f t e r  r e v i s i o n  of t h e  manusc r ip t  by t h e  a u t h o r  and a  check by t h e  Survey 
P r o j e c t  s t a f f  t o  e n s u r e  t h a t  t h e r e  has been adequa te  r e s p o n s e  t o  t h e  cormnents, 
t h e  r e v i s e d  d r a f t  w i l l  be a s s igned  t o  a  t e c h n i c a l  e d i t o r  from t h e  Survey Pro- 
j e c t  t o  check f o r  e x p o s i t i o n ,  r e a d a b i l i t y ,  and s t y l e .  The e d i t o r  a s s igned  
t o  a  manusc r ip t  w i l l  c o n s u l t  w i t h  t he  a u t h o r  o r  e d i t o r f c o m p i l e r  d i r e c t l y  i f  
t h e r e  a r e  q u e s t i o n s  or problems.  
PRODUCTION OF FINAL COPY 
The a u t h o r  w i l l  r e c e i v e  a  copy of t h e  e d i t e d  o r i g i n a l  t e x t  and an a t t ac l l -  
ment f o r  r e c o r d i n g  a p p r o v a l .  The f i n a l  page p r o o f s  w i l l  be r e a d  by t h e  e d i t o -  
r i a l  s t a f f  and checked f o r  t y p o g r a p h i c a l  e r r o r s .  
PUBLICATION AND DISTRIBUTION 
The volume w i l l  be pub l i shed  and d i s t r i b u t e d  by John Wiley & Sons L t d . ,  
t h rough  t h e i r  i n t e r n a t i o n a l  ne twork.  Authors  w i l l  r e c e i v e  a  s h o r t  q u e s t i o n -  
n a i r e  form t o  p r o v i d e  s u g g e s t i o n s  r e g a r d i n g  t h e  marke t ing  and pronlotion of 
t h e i r  volumes.  P u b l i c a t i o n  should f o l l o w  approx ima te ly  t h r e e  t o  f o u r  months 
a f t e r  t h e  camera-ready copy i s  r e c e i v e d  by t h e  p u b l i s h e r .  
* 
I f  t h e  d e c i s i o n  i s  made t h a t  t h e  volume i s  n o t  a c c e p t a b l e ,  t h e  manus- 
c r i p t ,  t o g e t h e r  w i t h  comments by t h e  r e v i e w e r s  and t h e  Board, w i l l  be r e -  
t u rned  t o  t h e  a u t h o r ,  accompanied by a  l e t t e r  t h a t  e x p l a i n s  t h e  d e c i s i o n .  
